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Applied EconomicsFrpsdulqj Eud}lo dqg X1V1D1 Hohfwulflw|
Glvwulexwlrq Shuirupdqfh=
Zkdw Zdv wkh Lpsdfw ri SulydwlvdwlrqB
Uddhood Olve÷d Prwd
FQSt
Fkxufkloo Froohjh/ Xqlyhuvlw| ri Fdpeulgjh
Dsulo :/ 5337
Devwudfw
Ehjlqqlqj lq 4<<8 d odujh sursruwlrq ri wkh Eud}loldq hohfwulflw| glv0
wulexwlrq vhfwru zhqw wkurxjk sulydwlvdwlrq dqg uhvwuxfwxulqj/ zkhuhdv
sulydwho|0rzqhg X1V1 xwlolwlhv glg qrw vxhu vlplodu rzqhuvkls fkdqjh
surfhvv1 Wklv sdshu lv dq hpslulfdo dvvhvvphqw ri wkh h!flhqf| ri wkh
Eud}loldq glvwulexwlrq vhfwru uhodwlyh wr lwv X1V1 frxqwhusduw lq 4<<7 dqg
53331 Wzr whfkqltxhv duh dssolhg= Gdwd Hqyhorsphqw Dqdo|vlv +GHD,/
lqfoxglqj wkh frpsxwdwlrq ri Pdoptxlvw lqglfhv ri surgxfwlylw| jurzwk/
dqg Vwrfkdvwlf Iurqwlhu Dqdo|vlv +VID,1 Iru wkh prghov wkdw xvh rshu0
dwlqj frvwv dv lqsxw/ zh qg d srvlwlyh exw qrw vwdwlvwlfdoo| vljqlfdqw
lpsdfw ri Eud}loldq sulydwlvdwlrq rq whfkqlfdo h!flhqf|1 Iru wkh prghov
wkdw xvh wrwdo frvwv/ wkh lpsdfw lv vljqlfdqwo| qhjdwlyh1 Dowkrxjk wklv
vkrxog eh wdnhq zlwk fdxwlrq/ wkh qhjdwlyh lpsdfw fdq eh wkh uhvxow ri dq
lqyhvwphqw vxujh diwhu sulydwlvdwlrq ru ri dq lqfuhdvhg udwh ri vxevwlwxwlrq
ri fdslwdo iru oderxu lq wkh Eud}loldq glvwulexwlrq vhfwru1 Wkhvh uhvxowv
vxjjhvw wkdw fdslwdo frvwv vkrxog qrw eh h{foxghg iurp wkh ehqfkpdun0
lqj1 Wkh qglqjv dovr kljkoljkw wkh lpsruwdqfh ri hvwdeolvklqj vwdqgdug
phdvxuhv ri fdslwdo frvwv iru lqwhuqdwlrqdo ehqfkpdunlqj dqg lqfhqwlyh
edvhg uhjxodwlrq1
Nh|zrugv= ehqfkpdunlqj/ lqwhuqdwlrqdo frpsdulvrq/ whfkqlfdo h!0
flhqf|/ Gdwd Hqyhorsphqw Dqdo|vlv/ Vwrfkdvwlf Iurqwlhu Dqdo|vlv/ Pdoptxlvw
Surgxfwlylw| Lqgh{/ hohfwulflw| glvwulexwlrq v|vwhpv
MHO Fodvvlfdwlrq= O<7
￿Uddhood Olve÷d Prwd lv dw Fkxufkloo Froohjh/ Xqlyhuvlw| ri Fdpeulgjh1 Wkh dxwkru lv
wkdqnixo wr Plfkdho J1 Sroolww dqg Wrrudm Mdpdve iru yhu| khosixo frpphqwv dqg vxjjhvwlrqv1
Ilqdqfldo vxssruw ri FQSt +Frqvhokr Qdflrqdo gh Shvtxlvd h Ghvhqyroylphqwr, lv judwhixoo|
dfnqrzohgjhg1
44L q w u r g x f w l r q
 Wkh qhuyh ri wkh uhjxodwru zloo ghshqg khdylo| rq wkh txdolw| ri wkh
rqjrlqj ehqfkpdunlqj vwxglhv1 Wkh uhjxodwru pxvw kdyh frqghqfh
wkdw wkh phwkrg surshuo| dffrxqwv iru doo lqsxwv dqg rxwsxwv/ dqg
wkdw dq| hqylurqphqwdo glhuhqfhv ehwzhhq upv kdyh ehhq surshuo|
dffrxqwhg iru lq wkh dqdo|vhv1 Rwkhuzlvh/ wkhuh lv d gdqjhu wkdw
dq xqoxfn| up zloo eh vhqw eurnh ehfdxvh d sduwlfxodu yduldeoh zdv
ljqruhg/ ru d oxfn| up zloo vfrrs uhjxoduo| h{fhvvlyh surwv1 +Frhool
5333/ s1 43,
Xqwlo uhfhqwo| hlwkhu sxeolf rzqhuvkls ru khdylo|0uhjxodwhg sulydwh rzqhuvkls
fkdudfwhulvhg wkh hohfwulflw| vxsso| lqgxvwu| +HVL, lq prvw frxqwulhv1 Vlqfh
wkh odwh 4<;3v olehudolvlqj uhirupv kdyh ihdwxuhg lq wkh djhqgd ri dq lqfuhdvlqj
qxpehu ri ghyhorshg/ ghyhorslqj/ dqg wudqvlwlrq frxqwulhv1 Dowkrxjk wkh gulylqj
irufhv ehklqg uhirupv lq ghyhorshg dqg ghyhorslqj frxqwulhv glhu frqvlghudeo|/
wkh sulpdu| jrdov ri uhirup lq wkh hohfwulflw| vhfwru zhuh wr surprwh orzhu
frvwv wkurxjk h!flhqf| lpsuryhphqwv dqg wr hqvxuh uholdeoh hohfwulflw| vxsso|
wr fxvwrphuv14
Olehudolvlqj uhirupv lq wkh HVL xvxdoo| lqfoxgh vhfwru uhirup +frusrudwlvd0
wlrq/ uhvwuxfwxulqj dqg2ru sulydwlvdwlrq, dqg uhjxodwru| uhirup1 Wkhvh fkdqjhv
duh riwhq dffrpsdqlhg e| wkh lqwurgxfwlrq ri frpshwlwlrq lqwr jhqhudwlrq/ dqg
wkh judgxdo olehudolvdwlrq ri wkh vxsso| pdunhw1
Wkh pdlq hohphqwv ri uhjxodwru| uhirup duh wkh hvwdeolvkphqw ri dq lqghshq0
ghqw uhjxodwru/ wkh dgrswlrq ri lqfhqwlyh uhjxodwlrq/ dqg wkh judgxdo ghuhjxod0
wlrq ri wkh srwhqwldoo| frpshwlwlyh vhjphqwv ri wkh lqgxvwu|1 Lq wkh fxuuhqw uh0
irup surfhvv wkh hpskdvlv kdv vkliwhg iurp wudglwlrqdo frvw0ri0vhuylfh uhjxodwlrq
wr lqfhqwlyh edvhg uhjxodwlrq1 Wkh odwwhu vkrxog eh deoh wr dyrlg wkh Dyhufk0
Mrkqvrq +ryhufdslwdolvdwlrq, hhfw/ w|slfdo ri frvw0ri0vhuylfh uhjxodwlrq/ dqg wr
jlyh vljqdov frqgxflyh wr rshudwlqj dqg lqyhvwphqw h!flhqf|15 Dv srlqwhg lq
Mdpdve dqg Sroolww +5334,/ luuhvshfwlyh ri wkh vshflf lqfhqwlyh vfkhph dgrswhg/
d frpprq ihdwxuh ri lqfhqwlyh edvhg uhjxodwlrq lv wkh xvh ri ehqfkpdunlqj1 Lq
sduwlfxodu/ lq wkh fdvh ri uhyhqxh ru sulfh fds +USL0[ irupxod,/ ehqfkpdunlqj
fdq khos ghflgh wkh [ idfwru  d fuxfldo vwhs rq wkh wdul uhylhz surfhvv16
4Ehvlghv h!flhqf| remhfwlyhv/ pdfurhfrqrplf idfwruv glfwdwhg wkh sdfh dqg vhtxhqfh ri
uhirupv lq ghyhorslqj frxqwulhv1 Iru lqvwdqfh/ sulydwlvdwlrq zdv h{shfwhg qrw rqo| wr lpsuryh
wkh qdqfhv ri wkh vhfwru/ exw dovr wr lqfuhdvh uhyhqxhv iru wkh Wuhdvxu|/ dqg wr khos uhgxflqj
dqg uhvwuxfwxulqj sxeolf ghew1 Dw wkh vdph wlph/ wkh exughq ri lqyhvwphqw iru fdsdflw|
h{sdqvlrq  zklfk kdv juhdwhu vljqlfdqfh lq frxqwulhv jurzlqj idvw dqg zkhuh d odujh vkduh
ri wkh srsxodwlrq vwloo grhv qrw kdyh dffhvv wr hohfwulflw| vhuylfhv  ru txdolw| lpsuryhphqw
zdv h{shfwhg wr eh wudqvihuuhg wr wkh sulydwh vhfwru1
5Vhh Dyhufk dqg Mrkqvrq +4<95,1
6D eulhi ghvfulswlrq ri sulfh0fds uhjxodwlrq lv dv iroorzv1 Wkh uhjxodwru vhwv sulfh lqfuhdvhv
5Lqwhuqdwlrqdo ehqfkpdunlqj lv d yhu| xvhixo wrro iru lqfhqwlyh edvhg uhjx0
odwlrq1 Lw fdq surylgh d odujhu vdpsoh ri frpsdudeoh frpsdqlhv/ dqg doorzv
frpsdulvrqv zlwk lqwhuqdwlrqdo ehvw sudfwlfhv1 Ehvlghv/ zkhq wkh qxpehu ri
qdwlrqdo frpsdqlhv lv qrw vx!flhqw iru ehqfkpdunlqj whfkqltxhv/ lqfoxglqj lq0
whuqdwlrqdo frpsdudeoh frpsdqlhv lq wkh vdpsoh fdq eh d vlqh txd qrq1L q 0
whuqdwlrqdo ehqfkpdunlqj fdq dovr khos wr lghqwli| wkh g|qdplfv ri wkh vhfwru/
l1h1/ krz vxffhvvixo qdwlrqdo vhfwru dqg uhjxodwru| uhirupv kdyh ehhq lq whupv
ri uhodwlyh shuirupdqfh ryhu wlph/ dqg zkdw sureohpv qhhg wr eh dgguhvvhg1 Lq
Dxvwudold/ iru lqvwdqfh/ lqwhuqdwlrqdo ehqfkpdunlqj kdv sod|hg d nh| uroh iru
lpsurylqj shuirupdqfh17
Lq wklv sdshu zh ehqfkpdun d uhsuhvhqwdwlyh vdpsoh ri sulydwlvhg Eud}loldq
glvwulexwlrq frpsdqlhv djdlqvw frpsdudeoh X1V1 lqyhvwru0rzqhg xwlolwlhv1 Wkh
wlph iudph ri rxu dqdo|vlv/ 4<<705333/ doorzv xv wr fdswxuh wkh hhfwv ri Eud}lo0
ldq sulydwlvdwlrq dqg uhvwuxfwxulqj/ dv wkh X1V1 vdpsoh uhpdlqhg vwdeoh lq whupv
ri rzqhuvkls vwuxfwxuh1 Jlyhq wkh odujhu qxpehu ri frpsdqlhv lq wkh Dphul0
fdq hohfwulflw| vhfwru/ wkh gdwd uhtxluhphqwv ri wkh prvw frpprq ehqfkpdunlqj
whfkqltxhv duh vdwlvhg zlwk wkh lqfoxvlrq ri X1V1 lqyhvwru0rzqhg xwlolwlhv lq wkh
vdpsoh1 Ixuwkhupruh/ Eud}lo dqg wkh X1V1D1 duh frpsdudeoh frxqwulhv lq whupv
ri duhd1 Vlqfh wkh duhd ri vhuylfh lv dq lpsruwdqw idfwru dhfwlqj rshudwlqj
dqg fdslwdo frvwv ri glvwulexwlrq frpsdqlhv/ wklv frpprq ihdwxuh lqfuhdvhv wkh
frpsdudelolw| ehwzhhq wkh wzr vdpsohv1
Zh ehqfkpdun 47 uhfhqwo| sulydwlvhg Eud}loldq glvwulexwlrq frpsdqlhv djdlqvw
d vdpsoh ri :5 lqyhvwru0rzqhg Dphulfdq hohfwulf xwlolwlhv1 Wzr whfkqltxhv duh
dssolhg= Gdwd Hqyhorsphqw Dqdo|vlv +GHD, dqg Vwrfkdvwlf Iurqwlhu Dqdo|vlv
+VID,/ dqg zh furvv0fkhfn rxu qglqjv1 Lq dgglwlrq/ zh xvh GHD wr frpsxwh
Pdoptxlvw lqglfhv ri surgxfwlylw| jurzwk1
Wklv sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 surylghv wkh edfnjurxqg iru rxu
hpslulfdo dqdo|vlv/ vxppdulvlqj wkh fxuuhqw vwdwh ri uhirupv lq wkh HVLv ri Eud}lo
dqg wkh X1V1D11 Lq Vhfwlrq 6 zh uhylhz wkh ehqfkpdunlqj olwhudwxuh/ glvfxvvlqj
wkh whfkqltxhv dqg prghov xvhg lq dfdghplf vwxglhv dqg lq vwxglhv vsrqvruhg
e| uhjxodwruv1 Vhfwlrq 7 glvfxvvhv wkh whfkqltxhv ri h!flhqf| phdvxuhphqw wkdw
duh xvhg lq wklv vwxg|  GHD dqg VID1 Lq Vhfwlrq 8 zh suhvhqw wkh gdwdvhwv dqg
mxvwli| rxu fkrlfh ri prghov1 Vhfwlrq 9 suhvhqwv rxu qglqjv dqg frpsduhv wkh
uhvxowv ri wkh wzr phwkrgrorjlhv1 Ilqdoo|/ Vhfwlrq : vxppdulvhv rxu frqfoxvlrqv
wkdw pd| eh shuplwwhg ryhu d {hg qxpehu ri |hduv +xvxdoo| yh ru irxu |hduv,1 Sulfhv
lqfuhdvhv duh xvxdoo| vhw htxdo wr wkh udwh ri lqfuhdvh lq wkh frqvxphu lqgh{ +USL ru FSL/
iru lqvwdqfh, plqxv d surgxfwlylw| idfwru +wkh [ idfwru,1 Wkh ydoxh ri [ fdq eh edvhg xsrq
suhylrxv udwhv ri surgxfwlylw| jurzwk lq wkh lqgxvwu| ru xsrq vrph irup ri ehqfkpdunlqj1
Wkh uhjxodwru fdq dovr fkrrvh wr vhw glhuhqw [ idfwruv iru glhuhqw upv lq wkh lqgxvwu|
+Frhool/ 5333/ s1 5,1 D qxpehu ri nh| sdshuv wkdw dsshduhg rq wkh 4<;< Dxwxpq lvvxh ri
Wkh Udqg Mrxuqdo ri Hfrqrplfv +V|psrvlxp rq Sulfh0fds Uhjxodwlrq, glvfxvv wkhruhwlfdo
dqg dssolhg lvvxhv udlvhg e| sulfh fdsv1
7Vhh rq wklv wrslf Odzuhqfh hw do1 +4<<:,1
6dqg srolf| uhfrpphqgdwlrqv1
5E d f n j u r x q g
514 Eud}lo
Xqwlo wkh uhfhqw uhirup ri wkh hohfwulflw| vhfwru wkh Eud}loldq HVL zdv fkdudf0
whulvhg e| wkh ryhuzkhoplqj sduwlflsdwlrq ri wkh sxeolf vhfwru1 Dssur{lpdwho|
83( ri jhqhudwlrq dqg wudqvplvvlrq zdv frqfhqwudwhg dw ihghudo xwlolwlhv +prvwo|
xqghu wkh frqwuro ri wkh kroglqj Hohwureuäv,/ dqg wkh uhpdlqlqj kdoi zdv rzqhg
e| wkh vwdwhv1 Prvw ri wkh glvwulexwlrq zdv fduulhg rxw e| vwdwh0rzqhg frpsd0
qlhv1 Xvxdoo| hdfk vwdwh kdg rqh glvwulexwlrq frpsdq| zlwk d prqrsro| ryhu
glvwulexwlrq dqg vxsso|> krzhyhu/ wkhuh zhuh vwdwhv zlwk pruh wkdq rqh glvwul0
exwlrq frpsdq|1
Hohfwulflw| vhfwru uhirup lq Eud}lo iroorzhg wkh lqwhuqdwlrqdo wuhqg wrzdugv
pdunhw phfkdqlvpv/ frpshwlwlrq zkhuhyhu srvvleoh/ dqg d qhz dssurdfk wr
xwlolw| uhjxodwlrq1 Wkh HVL zdv irupdoo| xqexqgohg lqwr irxu exvlqhvvhv  jhq0
hudwlrq/ wudqvplvvlrq/ glvwulexwlrq dqg vxsso| / zklfk zhuh uhtxluhg wr eh df0
frxqwhg iru vhsdudwho|1 Doo qhwzrun ri yrowdjh ohvv wkdq 563 nY zdv frqvlghuhg
glvwulexwlrq dvvhw dqg frxog eh nhsw e| wkh glvwulexwlrq frpsdqlhv1 Glvwulex0
wlrq frpsdqlhv zhuh judqwhg dxwkrulvdwlrq wr frqwlqxh wr vxsso| fxvwrphuv lq
wkhlu frqfhvvlrq duhdv/ dqg zhuh doorzhg wr nhhs wkhlu rzq jhqhudwlrq xs wr wkh
olplw ri 63( ri wkhlu fdswlyh pdunhwv1 Wkh uhirup dovr hvwdeolvkhg d judgxdo
wudqvlwlrq wr d frpshwlwlyh hqylurqphqw lq erwk jhqhudwlrq dqg vxsso|1
Ehjlqqlqj lq 4<<8/ sulydwlvdwlrq ri glvwulexwlrq frpsdqlhv lq Eud}lo dwwudfwhg
d juhdw ghdo ri lqwhuhvw/ dqg wrgd| ryhu 93( ri wkh glvwulexwlrq pdunhw lv
sulydwho|0rzqhg1 Lq frqwudvw/ sulydwlvdwlrq ri wkh odujh ihghudo jhqhudwlrq frp0
sdqlhv idfhg pruh vhulrxv gl!fxowlhv/ dqg jhqhudwlrq uhpdlqv prvwo| sxeolfo|0
rzqhg1
Dq lqghshqghqw uhjxodwru| djhqf|/ wkh Qdwlrqdo Djhqf| iru Hohfwulf Hqhuj|
+DQHHO/ lq Sruwxjxhvh,/ zdv lqvwlwxwhg lq 4<<91 DQHHO lv lq fkdujh ri erwk
hfrqrplf dqg whfkqlfdo uhjxodwlrq/ exw fdq ghohjdwh lwv prqlwrulqj dfwlylwlhv wr
vwdwh0ohyho uhjxodwru| djhqflhv1
Wkh uhirup uhsodfhg wkh uhjlph ri jxdudqwhhg udwh0ri0uhwxuq iru sulfh fds
uhjxodwlrq/ exw/ lq rughu wr surprwh sulydwlvdwlrq/ wkh [ idfwru zdv lqlwldoo|
vhw wr }hur xqwlo wkh uvw wdul uhylhz1 Zlwk wkh h{fhswlrq ri rqh glvwulexwlrq
frpsdq| +Hvfhovd/ zklfk kdg douhdg| vxhuhg wzr wdul uhylhzv,/ wkh uvw wdul
uhylhzv duh wdnlqj sodfh lq 5336 dqg 53371 Wkh grfxphqwv ri wkh fxuuhqw wdu0
l uhylhz surfhvv lqglfdwh wkdw DQHHO lv dgrswlqj ehqfkpdunlqj whfkqltxhv
wr fdofxodwh wkh [ idfwru1 Krzhyhu/ dv lq rwkhu Vrxwk Dphulfdq frxqwulhv wkh
uhjxodwru idyrxuv ehqfkpdunlqj djdlqvw d prgho ru wkhruhwlfdo up1 Wklv ehqfk0
pdunlqj dssurdfk ryhufrphv wkh sureohp ri qglqj frpsdudeoh frpsdqlhv lq
7wkh Eud}loldq qdwlrqdo pdunhw/ exw wkh frqvwuxfwlrq ri d wkhruhwlfdo up lv kljko|
frqwuryhuvldo1 Zkdw zh sursrvh lq wklv sdshu lv dq dowhuqdwlyh urxwh wr ryhufrph
wkh olplwdwlrqv ri wkh qdwlrqdo pdunhw= lqwhuqdwlrqdo ehqfkpdunlqj1
Lq 5334 Eud}lo idfhg lwv zruvw hohfwulflw| vxsso| fulvlv lq iw| |hduv1 Wklv zdv
fdxvhg e| xqghulqyhvwphqw lq jhqhudwlrq dqg wudqvplvvlrq/ dqg vhyhuh gurxjkw
frqglwlrqv1 Hohfwulflw| frqvxpswlrq kdg wr eh udwlrqhg dqg/ dv d frqvhtxhqfh/
glvwulexwlrq frpsdqlhv +diwhu |hduv ri surwv vlqfh sulydwlvdwlrq, vxhuhg qdq0
fldo orvvhv dqg wkuhdwhqhg odz vxlwv djdlqvw jhqhudwlrq frpsdqlhv1 Wkh fulvlv
pdgh reylrxv wkh gl!fxowlhv lq wkh wudqvlwlrq wr d pdunhw0rulhqwhg prgho zkhq
wkhuh lv vkruwdjh ri vxsso|1 Wkh qhz ohiw0zlqj jryhuqphqw lv fxuuhqwo| xqghu0
wdnlqj d uhylhz ri wkh HVL prgho/ exw lq wkh phdqwlph wkh wudqvlwlrq kdv frph
w rdk d o w 1
Lq vxppdu|/ wkh pdlq fkdqjhv Eud}loldq glvwulexwlrq frpsdqlhv vxhuhg lq
wkh shulrg iurp 4<<705333 zhuh sulydwlvdwlrq/ vrph uhvwuxfwxulqj +hvshfldoo| wr
frpso| zlwk wkh 63( olplw ri rzq jhqhudwlrq,/ dqg yhu| olplwhg frpshwlwlrq lq
wkh vxsso| pdunhw1 Wkhuhiruh/ zh h{shfw wkh lqfhqwlyhv wr lpsuryh shuirupdqfh
wr frph pdlqo| iurp vkduhkroghuv suhvvxuh dqg lqfhqwlyh uhjxodwlrq1
515 Xqlwhg Vwdwhv
Lq frqwudvw wr wkh Eud}loldq hohfwulflw| vhfwru/ sulydwh sduwlflsdwlrq kdv dozd|v
ehhq lpsruwdqw lq wkh X1V1D11 Dowkrxjk wkhuh duh ryhu 5/333 hohfwulf xwlolwlhv
rzqhg e| vwdwhv/ pxqlflsdolwlhv/ sxeolf srzhu glvwulfwv/ luuljdwlrq glvwulfwv ru
rwkhu vwdwh rujdqlvdwlrqv/ lqyhvwru0rzqhg xwlolwlhv dffrxqw iru prvw ri jhqhud0
wlrq dqg vdohv1 Wkhuh duh pruh wkdq 533 lqyhvwru0rzqhg hohfwulf xwlolwlhv/ zklfk
duh riwhq yhu| odujh dqg yhuwlfdoo|0lqwhjudwhg1 Wkhvh xwlolwlhv rshudwh dv orfdo
prqrsrolhv dqg duh vxemhfw wr erwk ihghudo dqg vwdwh uhjxodwlrq1 Lq dgglwlrq wr
sxeolf xwlolwlhv dqg lqyhvwru0rzqhg xwlolwlhv/ wkhuh duh uxudo hohfwulflw| frrshud0
wlyhv dqg d ihz ihghudo surmhfwv1
Klvwrulfdoo| prvw uhjxodwru| dxwkrulw| kdv ehhq yhvwhg lq hdfk vwdwh/ zklfk
h{sodlqv wkh glhuhqfhv lq uhjxodwru| duudqjhphqwv dqg lqyhvwphqw ghflvlrqv
zlwklq wkh frxqwu|1 Krzhyhu/ iru wkh sdvw wzr ghfdghv wkh ihghudo ohyho kdv
jdlqhg lpsruwdqfh iru wzr uhdvrqv1 Iluvw/ wkh Sxeolf Xwlolw| Uhjxodwru| Srolf|
Dfw +SXUSD, ri 4<:; vwlpxodwhg wkh ghyhorsphqw ri d qrq0xwlolw| srzhu vhfwru
e| uhtxlulqj xwlolwlhv wr sxufkdvh srzhu iurp frjhqhudwruv dqg uhqhzdeoh hq0
huj| surgxfhuv1 Vhfrqg/ wkh Hqhuj| Srolf| Dfw ri 4<<5 dxwkrulvhg wkh Ihghudo
Hqhuj| Uhjxodwru| Frpplvvlrq +IHUF, wr rughu xwlolwlhv wr surylgh wudqvplv0
vlrq vhuylfhv iru orfdo glvwulexwlrq v|vwhpv dqg rwkhu zkrohvdoh sxufkdvhuv1 Do0
wkrxjk wkh ohjlvodwlrq uh hfwhg d pryh wrzdugv lqwurgxflqj frpshwlwlrq dw wkh
zkrohvdoh ohyho/ wkh edvlf prgho ri uhjxodwhg yhuwlfdoo|0lqwhjudwhg prqrsrolhv
uhpdlqhg prvwo| xqfkdqjhg/ dqg wkh uvw frpsuhkhqvlyh uhirup surjudpphv
zhuh rqo| lpsohphqwhg e| 4<<; +Mrvnrz/ 5336,1
8Kljk sulfhv zhuh wkh pdlq gulyhuv ri uhirupv dw wkh vwdwh0ohyho1 Lq vwdwhv vxfk
dv Fdoliruqld/ Plfkljdq/ Qhz \run/ Frqqhfwlfxw dqg Pdvvdfkxvhwwv suhylrxv
lqyhvwphqw ghflvlrqv fuhdwhg d vljqlfdqw jds ehwzhhq wkh sulfh ri jhqhudwlrq
vhuylfhv hpehgghg lq wkh uhjxodwhg exqgohg sulfh/ dqg wkh xqexqgohg sulfh ri
zkrohvdoh jhqhudwlrq soxv wudqvplvvlrq dqg glvwulexwlrq fkdujhv1 Wkh uvw vwdwh
uhirup surjudpphv dlphg wr ghuhjxodwh wkh vhfwru/ dqg wr h{whqg frpshwlwlrq
wr wkh vxsso| pdunhw/ doorzlqj fxvwrphuv wr fkrrvh wkhlu vxssolhuv1 Suhvvxuhv
iurp frpshwlwlrq dv zhoo dv iurp qhz lqfhqwlyh edvhg uhjxodwlrq +zklfk judg0
xdoo| uhsodfhg wkh wudglwlrqdo udwh0ri0uhwxuq uhjxodwlrq, zhuh h{shfwhg wr gulyh
frvwv grzq1 Vrph vwdwhv kdyh dovr pdgh uhvwuxfwxulqj frpsxovru|1 Fdoliruqld/
iru lqvwdqfh/ uhtxluhg wkh lqfxpehqw xwlolwlhv wr vxevwdqwldoo| xqexqgoh wkhlu
glvwulexwlrq dfwlylwlhv iurp wkhlu jhqhudwlrq dqg wudqvplvvlrq dfwlylwlhv1 Lq dg0
glwlrq/ wudqvplvvlrq v|vwhp rshudwlrq kdg wr eh wudqvihuuhg wr dq lqghshqghqw
v|vwhp rshudwru1
Vlqfh 5333/ krzhyhu/ wkh sdfh ri vwdwh uhirupv kdv vorzhg grzq/ zlwk d qxp0
ehu ri vwdwhv ghod|lqj ru hyhq fdqfhoolqj wkhlu surjudpphv1 Wkh wudqvlwlrq wr
frpshwlwlyh zkrohvdoh dqg vxsso| pdunhwv kdv wkhuhiruh ehhq ohvv vprrwk wkdq
lqlwldoo| dqwlflsdwhg1 Wkh Fdoliruqld 533305334 fulvlv looxvwudwhv krz lpsruwdqw
lw lv wr jhw wkh pdunhw ghvljq uljkw/ hvshfldoo| lq d frqwh{w ri vxsso| vkruwdjh 
exw Fdoliruqld zdv rqo| rqh ri wkh pdq| fkdoohqjhv18 Wkh qdqfldo sureohpv ri
Hqurq dqg pdq| phufkdqw jhqhudwlqj dqg wudglqj frpsdqlhv/ yrodwloh zkroh0
vdoh sulfhv/ dqg ulvlqj qdo sulfhv lq vrph vwdwhv kdyh vkhg grxew rq wkh zd|
uhirupv kdyh ehhq lpsohphqwhg +Mrvnrz/ 5336,1 Wkh ohyho ri frqghqfh lq wkh
uholdelolw| ri hohfwulflw| vhuylfhv vhhphg wr uhdfk dq doo0wlph orz lq Dxjxvw 5336/
zkhq wkh oljkwv zhqw rxw iru krxuv lq wkh Hdvwhuq vwdwhv1
Jlyhq wkh sureohpv hqfrxqwhuhg vr idu/ vrph vwdwhv kdyh uhfhqwo| rswhg iru
d pruh judgxdo dssurdfk wr HVL uhirup1 Hduo| uhiruphuv/ krzhyhu/ zkr kdyh
douhdg| frpplwwhg pxfk wr wkh surfhvv/ duh sxvklqj iruzdug zlwk uhirupv1
Wkh uhvxowv ri wkhlu surjudpphv zloo eh lpsruwdqw wr frqylqfh rwkhu vwdwhv
wr mrlq wkh surfhvv1 Dw wkh ihghudo ohyho/ wkh IHUF uhpdlqv frpplwwhg wr
lqwurgxflqj frpshwlwlrq lq wkh zkrohvdoh pdunhw +qrz wkurxjk wkh Vwdqgdug
Pdunhw Ghvljq,/ exw lw dovr kdv wr qhjrwldwh wkh whupv ri lpsohphqwdwlrq zlwk
hdfk ri wkh vwdwhv1
Zlwk uhvshfw wr sulfh uhjxodwlrq/ udwh0ri0uhwxuq kdv suhgrplqdwhg lq wkh
X1V1 hohfwulflw| vhfwru1 Dv srlqwhg rxw lq Ludvwru}d +5336,/ ehqfkpdunlqj lq lwv
vlpsohu irupv +h1j1/ gluhfw frpsdulvrq ri d vshflf xwlolw|*v sulfh zlwk dq dyhudjh
uhwdlo sulfh, kdv dovr ehhq durxqg lq wkh X1V1 iru ghfdghv1 Lw kdv ehhq xvhg dv
d phfkdqlvp wr phdvxuh shuirupdqfh dqg surylgh lqfhqwlyhv lq udwh0ri0uhwxuq
uhjxodwlrq1
8Vhh Mrvnrz +5334, dqg Ehvdqw0Mrqhv dqg Whqhpedxp +5334, iru dq dvvhvvphqw ri wkh
Fdoliruqld hohfwulflw| fulvlv1
96 Hpslulfdo Ehqfkpdunlqj Vwxglhv
Ehqfkpdunlqj lv wkh surfhvv ri frpsdulqj dfwxdo shuirupdqfh djdlqvw d uhihu0
hqfh +ehqfkpdun, shuirupdqfh1 Wkhuh duh d qxpehu ri zd|v wr fodvvli| wkh
ehqfkpdunlqj olwhudwxuh1 Dffruglqj wr wkh Gxwfk hohfwulflw| uhjxodwru/ wzr
pdlq dssurdfkhv kdyh ehhq xvhg e| uhjxodwruv= frvw olqnhg ehqfkpdunlqj dqg
xqolqnhg ehqfkpdunlqj +GWh/ 4<<<,1 Wkh uvw dssurdfk olqnv wkh vhwwlqj ri
[ wr wkh lqh!flhqf| ri hdfk lqglylgxdo up phdvxuhg uhodwlyho| wr wkh fkr0
vhq ehqfkpdun1 Wkh ehkdylrxu ri lqglylgxdo upv lv qrw gluhfwo| xvhg lq wkh
xqolqnhg dssurdfk1 Rqh h{dpsoh lv wkh sulfh uhjxodwlrq ri X1V1 whohfrppxqlfd0
wlrqv/ zkhuh [ zdv vhw htxdo wr wkh dyhudjh udwh ri surgxfwlylw| jurzwk ri wkh
whohfrpv vhfwru1 Lq d vxuyh| ri wkh lqwhuqdwlrqdo ehqfkpdunlqj dqg uhjxodwlrq
hohfwulflw| h{shulhqfh/ Mdpdve dqg Sroolww +5334d, idyrxu d fodvvlfdwlrq edvhg
rq zkhwkhu wkh ehqfkpdunv duh ghulyhg iurp wkh ehvw +iurqwlhu, sudfwlfh ru wkh
dyhudjh shuirupdqfh1 Dowhuqdwlyho|/ vrph dxwkruv +h1j1 Vdudglv/ 5335, lghqwli|
wzr dssurdfkhv wr hvwlpdwlqj uhodwlyh h!flhqf| dfurvv upv= wkh sdudphwulf +ru
vwdwlvwlfdo, dssurdfk dqg wkh qrq0sdudphwulf dssurdfk19
Lq rxu ryhuylhz ri wkh ehqfkpdunlqj hohfwulflw| olwhudwxuh/ zh glylgh wkh
vwxglhv lqwr wzr eurdg fdwhjrulhv= dfdghplf vwxglhv dqg vwxglhv frqgxfwhg e|
wkh uhjxodwru1: Wkh remhfwlyhv dqg wkh uljrurxvqhvv ri wkh wzr w|shv ri vwxg|
duh glhuhqw1 Wkh uhjxodwru lv pruh lpphgldwho| frqfhuqhg zlwk sulfh vhwwlqj>
wkhuhiruh/ wkh surfhvv ri wudqvodwlqj ehqfkpdunlqj uhvxowv lqwr vshflf lqfhqwlyh
wdujhwv pd| uhfhlyh uhodwlyho| pruh dwwhqwlrq1 Zkloh dfdghplf vwxglhv kdyh wr
vwdqg wkh vfuxwlq| ri vshfldolvhg mrxuqdov/ uhjxodwru| dqdo|vhv duh riwhq xvhg
wr vxssruw ghflvlrqv wkdw pljkw eh fkdoohqjhg e| mxglfldu| frxuwv1 Lq whupv ri
wkh whfkqltxhv xvhg/ dfdghplf vwxglhv whqg wr xvh iurqwlhu ehqfkpdunlqj zklfk
fdq eh pruh ru ohvv gluhfwo| wudqvodwhg lqwr frvw olqnhg uhjxodwlrq1 Lq frqwudvw/
uhjxodwru| vwxglhv duh pruh glyhuvh lq wkh w|sh ri phwkrg xvhg1 Lq wkh Fklohdq
hohfwulflw| uhjxodwlrq/ iru lqvwdqfh/ ehqfkpdunlqj kdv ehhq edvhg rq wkh prgho
+wkhruhwlfdo, up1 Lw zloo eh fohdu iurp wkh wh{w ru iurp rxu vxppdu| wdeohv zkdw
vshflf phwkrgv kdyh ehhq dgrswhg e| hdfk vwxg| dqg zkhwkhu lqwhuqdwlrqdo
ehqfkpdunlqj kdv ehhq xvhg1
9D voljkwo| prglhg yhuvlrq ri wkh sdudphwulf2 qrq0sdudphwulf fodvvlfdwlrq dggv d wklug
w|sh ri ehqfkpdunlqj whfkqltxh= wkh surfhvv dssurdfk1 Surfhvv dssurdfkhv duh erwwrp0xs
whfkqltxhv wr dvvhvv h!flhqf|1 Wkh| fdq eh edvhg rq uhylhzv ri frpsdq| sudfwlfhv dqg sodqv
ru rq hqjlqhhulqj gdwd1 Vhh FHSD +5336,1
:Zlwk uhvshfw wr hohfwulflw| wudqvplvvlrq dqg glvwulexwlrq/ Grpdk +5335d, revhuyhv wkdw
wkhuh duh wzr uhodwhg vwudqgv lq wkh h!flhqf| olwhudwxuh= rqh frqfhuqhg zlwk wkh h{lvwhqfh ri
hfrqrplhv ri vfdoh dqg rqh irfxvhg rq wkh lpsdfw ri rzqhuvkls rq h!flhqf|1
:614 Dfdghplf Vwxglhv
Wdeoh 4 vxppdulvhv d ihz uhohydqw dfdghplf ehqfkpdunlqj vwxglhv1 Wkhvh
vwxglhv kdyh wudglwlrqdoo| frqfhqwudwhg rq hohfwulflw| jhqhudwlrq ru yhuwlfdoo|0
lqwhjudwhg xwlolwlhv/ exw pruh uhfhqwo| wkh lqwhuhvw rq glvwulexwlrq kdv lqfuhdvhg1
Prvw ri wkhvh vwxglhv xvh iurqwlhu phwkrgrorjlhv dqg irfxv rq ghyhorshg frxq0
wulhv1
Wdeoh 4 khuh
Julihoo0Wdwmì dqg Oryhoo +5336, xvh GHD wr ehqfkpdun wkh shuirupdqfh ri
qlqh Vsdqlvk hohfwulflw| glvwulexwruv djdlqvw wkh shuirupdqfh ri dq lghdo qhwzrun1
Wkh vwxg| qgv wkdw wkh dfwxdo glvwulexwlrq qhwzrun rshudwhv dw d kljkhu frvw
wkdq lwv lghdo frxqwhusduw/ exw prvw ri wkh glhuhqfh frphv iurp orzhu lqsxw
sulfhv1
Erwk Nlwwhovhq +4<<<, dqg Iûuvxqg dqg Nlwwhovhq +4<<;, xvh Pdoptxlvw
GHD wr vwxg| surgxfwlylw| fkdqjhv lq wkh Qruzhjldq glvwulexwlrq pdunhw1 Wkh
uvw vwxg| uhsruwv vrph phdq surgxfwlylw| fkdqjh lq wkh shulrg iurp 4<;60
4<;</ exw qr vljqlfdqw fdwfklqj0xs hhfwv1 Wkh vhfrqg hvwlpdwhv wkdw prvw ri
wkh surgxfwlylw| fkdqjh lq wkh vdph shulrg zdv gxh wr iurqwlhu vkliwv1 Ehfdxvh
jhrjudsk| lv vxfk dq lpsruwdqw frvw gulylqj idfwru lq Qruzd|/ erwk vwxglhv
dwwhpsw wr fdswxuh wklv dvshfw ri wkh glvwulexwlrq exvlqhvv1 Wkh prghov xvhg duh
vlplodu/ exw Iûuvxqg dqg Nlwwhovhq +4<<;, xvh d pruh frpsuhkhqvlyh phdvxuh
ri wkh jhrjudsklf dvshfw  wkh glvwdqfh lqgh{/ zklfk hqfrpsdvvhv qrw rqo|
sk|vlfdo glvwdqfh exw dovr wrsrjudsklfdo fkdudfwhulvwlfv1 Nlwwhovhq +4<<<,/ rq
wkh rwkhu kdqg/ xvhv qhwzrun ohqjwk1 Kmdopduvvrq dqg Yhlghusdvv +4<<5d, dovr
xvh Pdoptxlvw GHD/ exw lw lv xvhg wr h{dplqh wkh surgxfwlylw| jurzwk ri 5;<
glvwulexwlrq xwlolwlhv lq Vzhghq gxulqj wkh shulrg iurp 4<:304<;91 Wkh vwxg|
phdvxuhv d vxevwdqwldo surgxfwlylw| jurzwk lq Vzhghq dqg frqfoxghv wkdw wklv
zdv prvwo| gxh wr hfrqrplhv ri ghqvlw|1 Wkhuh duh qr fohdu fdwfklqj0xs hhfwv dv
wkh glvwdqfh ehwzhhq wkh dyhudjh dqg wkh iurqwlhu ghfuhdvhg voljkwo| gxulqj wkh
uvw vxeshulrg +4<:304<:;,/ exw lqfuhdvhg gxulqj wkh vhfrqg vxeshulrg +4<:;0
4<;9,1 W|sh ri rzqhuvkls ru hfrqrplf rujdqlvdwlrq gr qrw vhhp wr eh fruuhodwhg
zlwk surgxfwlylw| fkdqjh1
Edjgdglrjox hw do1 +4<<9, vwxg| wkh h!flhqf| ri wkh Wxunlvk hohfwulflw| glv0
wulexwlrq pdunhw xvlqj d GHD prgho1 Wkh vwxg| dwwhpswv wr lqyhvwljdwh wkh
uhodwlrqvkls ehwzhhq rzqhuvkls dqg h!flhqf|/ exw rqo| d yhu| olplwhg qxp0
ehu ri sulydwho|0rzqhg frpsdqlhv duh lqfoxghg1 Vrph vxssruw +dowkrxjk qrw
hfrqrphwulf, lv irxqg iru wkh k|srwkhvlv wkdw jryhuqphqwv rhu wr vhoo wkh prvw
h!flhqw frpsdqlhv uvw1 Wkh vwxg| vxjjhvwv wkdw lw lv dv olnho| wr eh h!flhqf|
zklfk ohdgv wr sulydwlvdwlrq dv wkh rwkhu zd| urxqg1 Vlplodu GHD prghov duh
xvhg lq Uhvhqgh +5335, wr phdvxuh wkh shuirupdqfh ri 57 Eud}loldq glvwulexwlrq
xwlolwlhv1 Wkh irfxv lv qrw vr pxfk lq rzqhuvkls hhfwv exw lq surylglqj jxlgdqfh
iru d |dugvwlfn frpshwlwlrq iudphzrun1 Uhvhqgh*v vdpsoh lv pruh khwhurjhqrxv
wkdq wkh rqh xvhg lq wkh suhylrxv vwxg|> dv d frqvhtxhqfh/ wkh glvshuvlrq ri
;h!flhqf| vfruhv lv juhdwhu/ zlwk vrph frpsdqlhv vxevwdqwldoo| ehorz wkh iurq0
wlhu1 Dovr lq frqwudvw zlwk Edjgdglrjox hw do1 +4<<9,/ vfdoh lqh!flhqflhv duh
pruh lpsruwdqw vrxufhv ri ryhudoo lqh!flhqf|1 Lq d vlplodu w|sh ri vwxg| dqg
rqh ri wkh uvw vwxglhv wr irfxv rqo| rq glvwulexwlrq/ Zh|pdq0Mrqhv +4<<4, xvhv
GHD wr frpsduh wkh h!flhqf| ri 45 hohfwulflw| glvwulexwlrq xwlolwlhv lq Hqjodqg
) Zdohv/ dqg qgv rqo| yh frpsdqlhv rshudwlqj rq wkh h!flhqf| iurqwlhu1
Erwk Nlwwhovhq +4<<6, dqg Kmdopduvvrq dqg Yhlghusdvv +4<<5e, xvh ydulrxv
GHD prghov wr h{dplqh wkh h!flhqf| ri hohfwulflw| glvwulexwruv xvlqj furvv0
vhfwlrq vdpsohv1 Nlwwhovhq +4<<6, ghyhorsv d phwkrgrorj| wr khos ghwhuplqh
wkh dssursuldwh prgho vshflfdwlrq iru d vdpsoh ri 4:5 Qruzhjldq glvwulexwlrq
xwlolwlhv1 Prgho vshflfldwlrq lv d uhohydqw lvvxh vlqfh lqfuhdvlqj wkh qxpehu ri
yduldeohv lq GHD prghov pljkw lpsuryh wkh uhsuhvhqwdwlrq ri wkh xqghuo|lqj
whfkqrorj|/ exw frxog eh ghwulphqwdo wr frqvxphuv1 Dv revhuyhg lq wkh vwxg|/
lqfoxglqj d odujh qxpehu ri luuhohydqw yduldeohv frxog ohdg wr wrr pdq| frp0
sdqlhv rq wkh iurqwlhu1; Wkh vwxg| qgv wkdw Qruzhjldq glvwulexwlrq xwlolwlhv
h{klelw h{whqvlyh whfkqlfdo lqh!flhqf| dqg vfdoh lqh!flhqf| lv qrw lpsruwdqw1
Kmdopduvvrq dqg Yhlghusdvv +4<<5e, dqdo|vh wkh h!flhqf| ri 5;8 Vzhglvk hohf0
wulflw| glvwulexwlrq frpsdqlhv/ hpskdvlvlqj wkh uhodwlrqvkls ehwzhhq h!flhqf|
dqg rzqhuvkls/ dv zhoo dv ehwzhhq h!flhqf| dqg w|sh ri vhuylfh duhd1 Rq dyhu0
djh/ h!flhqf| vfruhv duh orz lq Vzhghq glvwulexwlrq dqg wkh dxwkruv dwwulexwh
wklv wr wkh odfn ri frpshwlwlrq1 Dowkrxjk xuedq glvwulexwlrq lv irxqg wr eh
voljkwo| pruh h!flhqw wkdq uxudo glvwulexwlrq/ wkh vwxg| idlov wr ghwhfw dq| vlj0
qlfdqw h!flhqf| hhfwv ri rzqhuvkls/ hfrqrplf rujdqlvdwlrq ru vhuylfh duhd1
Kdwwrul +5334,/ Sduglqd dqg Urvvl +5333, dqg Exuqv dqg Zh|pdq0Mrqhv
+4<<9, hvwlpdwh wkh h!flhqf| ri hohfwulflw| glvwulexwlrq xwlolwlhv xvlqj VID1 Kdw0
wrul +5334, xvhv wudqvorj lqsxw glvwdqfh ixqfwlrqv wr frpsduh wkh hohfwulflw|
glvwulexwlrq shuirupdqfh ri 45 X1V1 dqg < Mdsdqhvh xwlolwlhv gxulqj wkh shulrg
4<;504<<:1 Uhvxowv vkrz wkdw Mdsdqhvh xwlolwlhv duh/ rq dyhudjh/ pruh h!flhqw
wkdq wkhlu X1V1 frxqwhusduwv/ exw wkh uhvshfwlyh iurqwlhuv duh forvh wr hdfk rwkhu1
Sduglqd dqg Urvvl +5333, hvwlpdwh d vwrfkdvwlf surgxfwlrq ixqfwlrq iru d vdpsoh
ri 69 glvwulexwlrq xwlolwlhv iurp whq Vrxwk Dphulfdq frxqwulhv1 Wkh vwxg| dlpv
wr dqdo|vh whfkqlfdo fkdqjh lq wkh hohfwulflw| glvwulexwlrq vhfwru lq Vrxwk Dphu0
lfd/ dqg wr whvw iru shuirupdqfh hhfwv ri hohfwulflw| uhirupv1 Wkh vwxg| idlov
wr ghwhfw dq| fdwfklqj0xs hhfwv/ dqg rqo| qgv sduwldo hylghqfh ri fruuhodwlrq
ehwzhhq uhirupv dqg shuirupdqfh1 Exuqv dqg Zh|pdq0Mrqhv +4<<9, ghyhors
d frvw iurqwlhu prgho dqg hvwlpdwh lw iru 45 hohfwulflw| glvwulexwlrq frpsdqlhv
lq Hqjodqg ) Zdohv1 Wkh vwxg| dwwhpswv wr lghqwli| wkh pdlq frvw gulyhuv ri
;Wkhuh lv vrph dgydqwdjh lq nhhslqj wkh qxpehu ri lqsxwv +p, dqg rxwsxwv +v, vpdoo
uhodwlyh wr wkh qxpehu ri upv +q,1 Dv wkh udwlrq p.v2q ulvhv/ wkh delolw| ri surjudpphv
+111, wr glvfulplqdwh dprqjvw upv idoov vljqlfdqwo|/ vlqfh lw ehfrphv pruh olnho| wkdw dq|
jlyhq up zloo qg vrph vhw ri rxwsxw dqg lqsxw zhljkwv zklfk zloo pdnh lw dsshdu h!flhqw1
+Zh|pdq0Mrqhv/ 4<<4/ s1 44<,
<hohfwulflw| glvwulexwlrq/ wr dvvhvv wkh h!flhqf| ri wkh frpsdqlhv/ dqg wr whvw iru
srvvleoh sulydwlvdwlrq hhfwv rq h!flhqf|1 Wkh hvwlpdwlrq uhvxowv vxjjhvwv wkdw
wkh pdlq frvw gulyhuv duh wkh qxpehu ri fxvwrphuv dqg vlpxowdqhrxv pd{lpxp
ghpdqg1 Wkh vwxg| dovr qgv hylghqfh ri hfrqrplhv ri vfdoh dqg vpdoo/ exw
vljqlfdqw/ sulydwlvdwlrq hhfwv1 Krzhyhu/ wkh dxwkruv vxjjhvw wkdw wkhvh hhfwv
ri sulydwlvdwlrq duh dv olnho| gxh wr fkdqjhv lq dffrxqwlqj srolflhv dv dq| uhdo
hhfw1
Lqvwhdg ri hvwlpdwlqj vwrfkdvwlf frvw iurqwlhuv/ Vfxoo| +4<<;,/ Jlohv dqg Z|0
dww +4<<6, dqg Ilolsslql +4<<;, hvwlpdwh ghwhuplqlvwlf frvw prghov1 Wkh uvw
wzr vwxglhv irfxv rq wkh Qhz ]hdodqg glvwulexwlrq vhfwru/ zkloh wkh odvw h{dp0
lqhv wkh h!flhqf| ri Vzlvv Pxqlflsdo glvwulexwlrq xwlolwlhv1 Vfxoo| +4<<;, xvhv d
sdqho gdwdvhw fryhulqj wkh shulrg iurp 4<;504<<7/ dlplqj wr dvvhvv wkh lpsdfw
ri sulydwlvdwlrq rq h!flhqf| dqg rq frqvxphu zhoiduh1 Jlohv dqg Z|dww*v +4<<6,
sdshu frqvlvwv ri dq hfrqrphwulf vwxg| ri hfrqrplhv ri vfdoh/ dqg xvhv furvv0
vhfwlrq gdwd iru 4<;904<;:1 Vfxoo| +4<<;, uhodwhv wkh hvwlpdwhg frvw uhgxfwlrqv
qrw vr pxfk wr sulydwlvdwlrq shu vh/ exw wr wkh hfrqrp|0zlgh uhirupv vwduwhg lq
4<;;1 Uhvxowv dovr vkrz wkdw uhirupv ehqhwwhg frqvxphuv/ hvshfldoo| frpphu0
fldo/ uxudo dqg lqgxvwuldo fxvwrphuv1 Lq dgglwlrq/ wkh vwxg| ghwhfwv wkh h{lvwhqfh
ri hfrqrplhv ri vfdoh wkurxjkrxw wkh revhuyhg udqjh ri rxwsxw1 Jlohv dqg Z|dww
+4<<6, frqup wkh h{lvwhqfh ri vljqlfdqw hfrqrplhv ri vfdohv/ dqg vxjjhvwv d
uhgxfwlrq lq wkh qxpehu ri frpsdqlhv lq wkh Qhz ]hdodqg glvwulexwlrq pdunhw1
Ilolsslql +4<<;, dvvhvvhv hfrqrplhv ri vfdoh dqg ghqvlw| dqg wkh ghvludelolw| ri
frpshwlwlrq lq wkh Vzlvv hohfwulflw| glvwulexwlrq vhfwru1 Wkh vdpsoh frqvlvwv ri
6< Vzlvv Pxqlflsdo glvwulexwlrq xwlolwlhv ryhu wkh shulrg 4<;;04<<41 Wkh uhvxowv
vxjjhvw wkh h{lvwhqfh ri hfrqrplhv ri vfdoh iru vpdoo dqg phglxp0vl}hg xwlolwlhv/
dqg wkh h{lvwhqfh ri hfrqrplhv ri ghqvlw| iru prvw rxwsxw ohyhov1 Vlplodu wr
zkdw zdv revhuyhg iru Qhz ]hdodqg/ vrph phujlqj lv olnho| wr uhgxfh frvwv1
Vrph vwxglhv xvh pruh wkdq rqh ehqfkpdunlqj phwkrgrorj|1 Wklv kdv wkh
dgydqwdjh ri doorzlqj wr furvv0fkhfn uhvxowv dqg wr vwxg| wkh vhqvlwlylw| ri uh0
vxowv wr prgho dqg phwkrgrorj| vshflfdwlrq1< Mdpdve dqg Sroolww +5334e, xvh
ydulrxv GHD/ VID dqg FROV +fruuhfwhg ruglqdu| ohdvw vtxduhv, prghov lq d
ehqfkpdunlqj vwxg| ri 96 glvwulexwlrq xwlolwlhv lq vl{ Hxurshdq frxqwulhv1 Gli0
ihuhqw iurp prvw suhylrxv vwxglhv/ Mdpdve dqg Sroolww +5334e, xvh prqhwdu|
ydoxhv iru wkh lqsxw yduldeohv lqvwhdg ri sk|vlfdo ydoxhv1 Wkh dxwkruv dujxh wkdw
wklv lv dgydqwdjhrxv iurp wkh uhjxodwru| srlqw ri ylhz dv doo rshudwlqj dqg fds0
lwdo lqsxwv fdq eh lqfoxghg1 Lw dovr doorzv wkh h{suhvvlrq ri lqsxwv dqg rxwsxwv
lq d vlqjoh phdvxuh/ pdnlqj h{solflw wkh srvvleoh wudgh0r dprqj wkhvh1 Wkh
uhvxowv vkrz wkdw wkh fkrlfh ri prghov dqg phwkrgv fdq dhfw h!flhqf| vfruhv
dqg udqnlqj/ exw wkh fkrlfh ri frvw frqyhuvlrq phwkrgv +SSS ru Hxur h{fkdqjh
udwhv, grhv qrw vljqlfdqwo| dowhu uhvxowv1
<Iru lqvwdqfh/ lw lv srvvleoh wr frpsduh phdqv/ vwdqgdug ghyldwlrqv/ vfruh dqg udqnlqj
fruuhodwlrqv dfurvv glhuhqw prghov ru whfkqltxhv1
43Sroolww +4<<8, xvhv erwk GHD dqg ROV +Ruglqdu| Ohdvw Vtxduhv, wr lqyhvwl0
jdwh wkh uhodwlrqvkls ehwzhhq rzqhuvkls dqg shuirupdqfh1 Wkh ehqfkpdunlqj
h{huflvh xvhv gdwd ri 469 X1V1 dqg < XN xwlolwlhv hqjdjhg lq glvwulexwlrq143 Wkh
uhvxowv ri vwdwlvwlfdo whvwv rq wkh GHD h!flhqf| phdvxuhv lqglfdwh wkdw wkh qxoo
k|srwkhvlv ri qr glhuhqfh lq surgxfwlyh h!flhqf| ehwzhhq sxeolfo|0rzqhg dqg
sulydwho|0rzqhg xwlolwlhv fdqqrw eh uhmhfwhg1 Lq dgglwlrq/ ROV uhjuhvvlrq uhvxowv
fruurerudwh wklv qglqj1
615 Uhjxodwru| Vwxglhv
Wkh HVL kdv wudglwlrqdoo| ehhq vxemhfw wr sulfh uhjxodwlrq1 Diwhu olehudolvdwlrq/
uhjxodwlrq kdv frqfhqwudwhg rq wkh qdwxudo prqrsro| exvlqhvvhv  wudqvplvvlrq
dqg glvwulexwlrq  zkloh jhqhudwlrq dqg vxsso| +ru uhwdlolqj, kdyh ehhq judgxdoo|
rshqhg wr pdunhw frpshwlwlrq1 Uhjxodwruv kdyh dovr pryhg wrzdugv lqfhqwlyh
edvhg uhjxodwlrq dv d phfkdqlvp wr hqfrxudjh h!flhqf| dqg fxue pdunhw srzhu1
Ehqfkpdunlqj surylghv uhjxodwruv zlwk dq remhfwlyh dvvhvvphqw ri wkh shuiru0
pdqfh ri wkh uhjxodwhg xwlolw| ru lqgxvwu|1 Frqvlghulqj wkdw wkh uvw olehudolvlqj
uhirupv vwduwhg lq wkh odwh 4<;3v/ uhjxodwruv kdyh dffxpxodwhg h{shulhqfh lq
ehqfkpdunlqj dqg lqfhqwlyh edvhg uhjxodwlrq1 Wdeoh 5 lv dq xsgdwhg vxppdu|
ri wklv h{shulhqfh dqg vkrzv d ydulhw| ri phwkrgv dqg prghov wkdw kdyh ehhq
xvhg lq hohfwulflw| glvwulexwlrq ehqfkpdunlqj144
Wdeoh 5 khuh
Rxu eulhi ryhuylhz ri ehqfkpdunlqj vwxglhv frqgxfwhg e| wkh uhjxodwru
vkrzv wkdw uhjxodwruv kdyh whqghg wrzdugv frvw olqnhg uhjxodwlrq dqg iurqwlhu
phwkrgv/ dowkrxjk glhuhqw whfkqltxhv kdyh ehhq wulhg1 Wkh XN uhjxodwru
dgrswhg d FROV prgho zlwk RSH[ +rshudwlqj h{shqglwxuh, dv wkh ghshqghqw
yduldeoh dqg d frpsrvlwh rxwsxw yduldeoh +frqvlvwlqj ri qxpehu ri fxvwrphuv/
xqlwv gholyhuhg dqg qhwzrun ohqjwk, dv wkh lqghshqghqw yduldeoh +Rijhp/ 4<<<,1
D uhfhqw vwxg| suhsduhg iru wkh XN uhjxodwru dv d edfnjurxqg dvvhvvphqw iru
wkh qh{w sulfh uhylhz sodqqhg iru 5338 vxjjhvwv wkh xvh ri d frpelqdwlrq ri
GHD dqg FROV +FHSD/ 5336,1 Gxh wr wkh olplwhg vdpsoh vl}h/ VID lv qrw dq
rswlrq lq wklv fdvh/ exw wkh vwxg| klqwv wkdw lw pljkw eh srvvleoh wr xvh VID li
sdqho gdwd lv dydlodeoh lq wkh ixwxuh1 Lghdoo| WRWH[ +wrwdo h{shqglwxuh, vkrxog
eh xvhg lqvwhdg ri RSH[/ exw wkh gl!fxowlhv lq phdvxulqj fdslwdo h{shqglwxuh
pljkw suhyhqw WRWH[ iurp ehlqj xvhg1 Wkh vwxg| dovr vxjjhvwv wkdw wkh frp0
43Sroolww +4<<8, vwxglhv vhsdudwho| wkh shuirupdqfh ri wkh ydulrxv exvlqhvvhv lq wkh hohfwulflw|
vxsso| lqgxvwu|= jhqhudwlrq/ wudqvplvvlrq dqg glvwulexwlrq1 Iru wkh sxusrvhv ri rxu eulhi
vxuyh|/ zh zloo frqfhqwudwh rq glvwulexwlrq1
44Mdpdve dqg Sroolww +5334d, frqgxfw d vxuyh| ri hohfwulflw| uhjxodwlrq dqg wkh vwdwh ri
ehqfkpdunlqj lq 4; RHFG dqg 7 qrq0RHFG frxqwulhv1 Lqwhuqdwlrqdo ehqfkpdunlqj vxuyh|v
zlwk wklv vfrsh duh vwloo xqxvxdo lq wkh olwhudwxuh  lw lv hdvlhu wr qg vxuyh|v ri wkh h{shulhqfh
ri lqglylgxdo frxqwulhv +h1j1 Uxgqlfn dqg Udlqhul/ 4<<:, ru ri d jurxs ri frxqwulhv zlwk vrph
ghjuhh ri pdunhw lqwhjudwlrq +h1j1 Nlqqxqhq/ 5335,1
44srvlwh yduldeoh suhylrxvo| xvhg e| wkh uhjxodwru frxog eh vlpsolhg/ frqvlghulqj
wkdw qxpehu ri fxvwrphuv lv kljko| fruuhodwhg zlwk xqlwv gholyhuhg1
Wkh Gxwfk uhjxodwru rswhg iru wkh xvh ri d qxpehu ri GHD prghov +GWh/
4<<< dqg Iurqwlhu Hfrqrplfv/ 5333, wr hvwlpdwh h!flhqf| lq wkh hohfwulflw|
glvwulexwlrq vhfwru1 Wkh prghov xvh hlwkhu RSH[ ru WRWH[ dv wkh lqsxw
yduldeoh1 WRWH[ lv ghqhg dv RSH[ soxv dqqxdolvhg vwdqgduglvhg fdslwdo
frvwv1 Zlwk uhvshfw wr rxwsxwv/ glhuhqw vshflfdwlrqv duh hvwlpdwhg wdnlqj lqwr
dffrxqw wkh yroxph ri hohfwulflw| glvwulexwhg/ qxpehu ri fxvwrphuv/ dqg qhwzrun
frqjxudwlrq1 Dowkrxjk d fhqwudo prgho kdv wr eh fkrvhq/ wkh frpsdulvrq
ehwzhhq glhuhqw prghov doorzv qrw rqo| wr fkhfn wkh vhqvlwlylw| ri wkh uhvxowv
wr prgho vshflfdwlrq/ exw dovr wr vwxg| wkh vrxufh ri lqh!flhqf|/ l1h1 zkhwkhu
lqh!flhqw frpsdqlhv duh lqh!flhqw rq rshudwlqj h{shqglwxuh/ fdslwdo ru erwk1
Lq Qruzd|/ zkhuh wkhuh duh ryhu 533 qhwzrun hohfwulflw| xwlolwlhv/ wkhuh lv
d vshfldo frqfhuq iru vwdqgduglvlqj surfhgxuhv/ lqfoxglqj frpsdq| uhsruwlqj1
Wkh Qruzhjldq uhjxodwru kdv dovr dgrswhg GHD vlqfh 4<<:/ zkhq lw hvwdeolvkhg
uhyhqxh fdsv iru hdfk frpsdq| +Judvwr/ 4<<:> Odqjvhw/ 5333> Nlqqxqhq/ 5335,1
Wkh h!flhqf| uhtxluhphqw iru hdfk frpsdq| frqvlvwv ri wzr whupv= d jhqhudo
fruuhfwlrq whup dqg dq lqglylgxdo fruuhfwlrq whup1 Wkh jhqhudo fruuhfwlrq whup
lv frpprq wr doo xwlolwlhv dqg lv edvhg rq d GHD vwxg| +Iûuvxqg dqg Nlwwhovhq/
4<<;, wkdw xvhv dv lqsxwv oderxu +krxuv,/ hohfwulflw| orvvhv/ dqg frvwv ri pdwhuldov
dqg fdslwdo1 Dv rxwsxwv lw xvhv d glvwdqfh lqgh{/ qxpehu ri fxvwrphuv dqg
hohfwulflw| gholyhuhg1 Wkh lqglylgxdo fruuhfwlrq whup lv edvhg rq dqrwkhu GHD
vwxg| zklfk lqfoxghv qhwzrun ohqjwk dqg ohqjwk ri vhd fdeohv dv lqsxwv1
Wkh uhjxodwru lq Qhz Vrxwk Zdohv/ Dxvwudold/ grhv qrw idyrxu d vlqjoh ehqfk0
pdunlqj whfkqltxh/ exw xvhv dq duud| ri phwkrgv= GHD/ VID/ WIS +wrwdo idfwru
surgxfwlylw|,/ dqg surfhvv dqg rujdqlvdwlrqdo ehqfkpdunlqj +LSDUW/ 4<<< dqg
XPV Jurxs/ 4<<<,1 Ehqfkpdunlqj lv xvhg dv dq dlg lq ghwhuplqlqj wkh h!flhqw
ohyho ri rshudwlqj dqg pdlqwhqdqfh h{shqglwxuh/ dqg wkhuh lv qr gluhfw uhodwlrq0
vkls ehwzhhq ehqfkpdunlqj uhvxowv dqg wkh [ idfwru1 Iru lqsxwv wkh GHD prgho
xvhv qhwzrun ohqjwk/ wudqviruphu fdsdflw| dqg RSH[/ dqg iru rxwsxwv lw xvhv
xqlwv gholyhuhg/ shdn ghpdqg dqg qxpehu ri fxvwrphuv1 Rqh ihdwxuh ri wkh Qhz
Vrxwk Zdohv ehqfkpdunlqj lv wkh h{whqvlyh xvh ri dq lqwhuqdwlrqdo gdwdedvh1 Lq
d vwxg| iru wkh uhjxodwru frqgxfwhg e| Orqgrq Hfrqrplfv wkh vdpsoh lqfoxghv
54< upv iurp Dxvwudold/ Qhz ]hdodqg/ Hqjodqg ) Zdohv/ dqg wkh X1V1D11 Dq0
rwkhu ehqfkpdunlqj vwxg|/ wklv wlph frqgxfwhg e| wkh XPV Jurxs/ xvhv 68
upv zruog0zlgh1 Jlyhq wkh yhu| olplwhg qxpehu +rqo| vl{, ri glvwulexwlrq xwlo0
lwlhv/ lqwhuqdwlrqdo +dqg lqwhuvwdwh, ehqfkpdunlqj lv d uhtxluhphqw iru prvw ri
wkh whfkqltxhv xvhg1
Dowkrxjk iurqwlhu phwkrgv duh ehfrplqj lqfuhdvlqjo| frpprq/ dowhuqdwlyh
whfkqltxhv kdyh ehhq dssolhg1 Lq Vrxwk Dphulfd uhjxodwruv/ lq dq dwwhpsw wr
ryhufrph wkhlu fuhglelolw| sureohpv/ kdyh idyrxuhg wkh prgho +ru wkhruhwlfdo,
45up dssurdfk145 Fkloh/ kdylqj vwduwhg lwv hohfwulflw| uhirup lq wkh hduo| 4<;3v/
lqwurgxfhg wkh frqfhsw ri ydoxh dgghg ri glvwulexwlrq +YDG,/ zklfk lv wkh ydoxh
uhtxluhg wr uhpxqhudwh wkh glvwulexwlrq exvlqhvv1 Wklv uhpxqhudwlrq vkrxog
doorz dq h!flhqw +ru wkhruhwlfdo, glvwulexwlrq xwlolw| wr uhfryhu lwv rshudwlqj dqg
pdlqwhqdqfh frvwv dqg wr dfklhyh d suh0ghwhuplqhg udwh0ri0uhwxuq rq lqyhvwphqw1
Wkh dfwxdo glvwulexwlrq xwlolw| ehqfkpdunv lwv frvwv djdlqvw wkh frvwv ri wkh
prgho up/ zklfk duh xvhg wr frpsxwh wkh YDG +|dugvwlfn frpshwlwlrq,1
Wkh ehqfkpdunlqj surfhvv pljkw ydu| dfurvv frxqwulhv exw Dujhqwlqd/ Shux/
Frorpeld dqg pruh uhfhqwo| Eud}lo kdyh iroorzhg wkh jxlgholqhv ri Fkloh*v prgho
up dssurdfk146 Lq Fkloh wkh YDG lv edvhg rq wkh frvwv ri dq h!flhqw up hv0
wdeolvkhg xvlqj wkh zhljkwhg dyhudjh ri hvwlpdwhv pdgh e| wkh Qdwlrqdo Hqhuj|
Frpplvvlrq dqg e| frqvxowdqwv kluhg e| wkh glvwulexwlrq xwlolw|1 Wkh glvfuhs0
dqflhv lq wkhvh hvwlpdwhv/ dqg wkh gl!fxow| lq hvwdeolvklqj d fuhgleoh prgho
up/ kdyh ohg wr frq lfwv dqg ohqjwk| mxglfldo surfhvvhv +Uxgqlfn dqg Udlqhul/
4<<:,147 Lq Dujhqwlqd wkh glvwulexwru*v frvw lv hvwlpdwhg edvhg rq wkh dyhudjh
lqfuhphqwdo frvw ri wkh glvwulexwlrq qhwzrun dqg rq rshudwlqj dqg pdlqwhqdqfh
frvwv1 Wkh lqfuhphqwdo frvw lv fdofxodwhg rq wkh edvlv ri d ohdvw frvw lqyhvwphqw
sodq iru dq h!flhqw up/ jlyhq wkh h{shfwhg ghpdqg jurzwk udwh1 Lq Frorpeld
dfwxdo frvwv duh ehqfkpdunhg djdlqvw wkh frpsxwhg frvwv ri dq h!flhqwo|0uxq
vlplodu glvwulexwlrq v|vwhp1 Lq Shux/ diwhu YDG fdofxodwlrq/ wkh uhjxodwru frp0
sxwhv wkh lqwhuqdo udwh ri uhwxuq/ zklfk pxvw eh ehwzhhq ;( dqg 49(1 Lq Eud}lo
wkh prgho up dssurdfk lv rqo| xvhg wr ghwhuplqh wkh h!flhqw rshudwlqj frvwv
 wkh uhpxqhudwlrq rq lqyhvwphqw lv wkh uhvxow ri d vhsdudwh lqglylgxdo dqdo|vlv
+DQHHO/ 5336 dqg DQHHO/ 5335,1
45Ilvfkhu dqg Vhuud +5333, srlqw rxw wkdw wklv dwwhpsw wr olplw uhjxodwru| glvfuhwlrq uhvxowhg
lq ryhusurwhfwlrq ri frpsdqlhv1 Iluvw0jhqhudwlrq Vrxwk Dphulfdq uhiruphuv +111, hqghg xs
zlwk d zhdn uhjxodwru wkdw odfnv uhohydqw lqirupdwlrq ru wkh phdqv ri rewdlqlqj lw/ lv vwduyhg
iru ixqgv/ lv vxemhfw wr vwurqj suhvvxuhv iurp hohfwulf xwlolw| oreelhv/ dqg grhv qrw kdyh wkh
wrrov wr hqirufh uhjxodwlrqv1 Ilvfkhu dqg Vhuud +5333/ s1 4<6,1
46Ilvfkhu dqg Vhuud +5333, dujxh wkdw/ dowkrxjk wkh YDG pd| ru pd| qrw lqfoxgh frp0
phufldolvdwlrq vhuylfhv/ sulfh uhjxodwlrq lq Odwlq Dphulfdq frxqwulhv vkduhv vrph sulqflsohv/
vxfk dv wkh vhoi0qdqflqj ri frpsdqlhv/ wkh sxuvxlw ri h!flhqf| dqg wkh wudqvihu ri h!flhqf|
jdlqv wr frqvxphuv1 Krzhyhu/ wkhuh duh lpsruwdqw glhuhqfhv ehwzhhq frxqwulhv/ hvshfldoo|
zlwk uhvshfw wr vhuylfh txdolw| uhjxodwlrqv dqg w|shv ri vxevlg| xvhg1 Vhh Ilvfkhu dqg Vhuud
+5333/ s1 4;4,1
47Wkh hpslulfdo vwxg| ri Gl Whood dqg G|fn +5335, qgv wkdw glvwulexwlrq frpsdqlhv kdyh
ehkdyhg vwudwhjlfdoo| xqghu sulfh fds uhjxodwlrq lq Fkloh1 Wklv lv vxjjhvwhg e| wkh hvwlpdwhg
X0vkdshg sdwwhuq ri frvwv dv d sursruwlrq ri uhyhqxhv/ zlwk wkh vwurqjhvw frvw uhgxfwlrqv
hduo| rq lq wkh uhjxodwru| shulrgv1 Wklv lv ixuwkhu frquphg e| wkh lqfrusrudwlrq ri vwrfn
pdunhw lqirupdwlrq lqwr wkh hpslulfdo iudphzrun1 Kljk frvw uhsruwv +l1h1/ frvw uhsruwv wkdw
duh kljkhu wkdq wkh frqvwuxfwhg h{shfwhg frvwv, ghsuhvv wkh up*v vwrfn uhwxuqv lq ruglqdu|
|hduv/ exw lqfuhdvh wkhp gxulqj uhylhz |hduv1 Wkh dxwkruv vxjjhvw wkdw dowkrxjk xqghu sulfh
fds uhjxodwlrq h!flhqf| jdlqv kdyh ehhq odujh lq wkh Fklohdq glvwulexwlrq vhfwru/ wkhuh kdv
ehhq vodfn lq wkh v|vwhp iru dssursuldwlrq ri wkhvh jdlqv e| surgxfhuv ehkdylqj vwudwhjlfdoo|1
46616 Vxppdu|
Iurp rxu uhylhz ri wkh ehqfkpdunlqj olwhudwxuh zh revhuyh wkdw wkhuh lv qrw
d jhqhudo frqvhqvxv rq wkh vshflf prgho ru ehqfkpdunlqj whfkqltxh fkrvhq/
exw iurqwlhu whfkqltxhv duh wkh prvw zlgho| xvhg lq hohfwulflw| glvwulexwlrq1 Wkh
fkrlfh ri phwkrg ghshqgv sduwo| rq wkh gdwd dydlodeoh1 Lvvxhv ri gdwd vwdqgdug0
lvdwlrq dqg fxuuhqf| frqyhuvlrq kdyh suhyhqwhg d juhdwhu xvh ri lqwhuqdwlrqdo
ehqfkpdunlqj1 Krzhyhu/ li lpsuryhg gdwd lv pdgh dydlodeoh wkh xvh ri dq lqwhu0
qdwlrqdo vdpsoh pljkw ryhufrph wkh sureohpv ri dsso|lqj vwdwlvwlfdo whfkqltxhv
lq pdunhwv zlwk d olplwhg qxpehu ri frpsdqlhv1 Uhfhqw vwxglhv kdyh dwwhpswhg
wr furvv0fkhfn wkh uhvxowv e| wkh xvh ri glhuhqw phwkrgv dqg lqsxw/ rxwsxw dqg
hqylurqphqwdo yduldeohv1
Iurp wkh srlqw ri ylhz ri wkh uhjxodwru/ prghov wkdw xvh prqhwdu| ydoxhv
wr uhsuhvhqw lqsxwv dqg rxwsxwv duh fohduo| suhihuuhg1 Krzhyhu/ wrwdo frvwv duh
d ixqfwlrq qrw rqo| ri lqsxw/ rxwsxw dqg hqylurqphqwdo yduldeohv/ exw dovr ri
lqsxw sulfhv1 Lw lv srvvleoh wr vlpsoli| wkh wrwdo frvw ixqfwlrq e| dvvxplqj wkdw doo
upv lq doo shulrgv idfh wkh vdph lqsxw sulfhv/ exw wklv lv qrw vr vwudljkwiruzdug
zkhq wkh wlph vhulhv lv orqj ru zkhq wkhuh lv dq lqwhuqdwlrqdo vdpsoh ri upv1
Lq wklv fdvh/ lw zrxog eh uhtxluhg wr gh dwh qrplqdo frvwv e| dq lqsxw sulfh
lqgh{/ lghdoo| rqh zklfk xvhv up0vshflf vkduh zhljkwv1 Zh zrxog eh lpsolflwo|
dvvxplqj doorfdwlyh h!flhqf| dqg vhsdudelolw| ehwzhhq wkh lqsxw sulfh yhfwru
dqg wkh rxwsxw0hqylurqphqwdo yduldeohv yhfwru1 Lq dgglwlrq/ li d jhqhudo SSS
lv doo wkdw lv dydlodeoh wr gh dwh frvwv  zkdw lv riwhq wkh fdvh  vljqlfdqw
glvfuhsdqflhv pljkw rffxu148
Dowkrxjk uhjxodwruv uhfrjqlvh wkdw d phdvxuh ri wrwdo frvwv zrxog eh ghvlu0
deoh wr uhsuhvhqw wkh uhjxodwhg xwlolw|*v lqsxw/ d qxpehu ri ehqfkpdunlqj vwxglhv
kdyh fkrvhq wr zrun zlwk rshudwlqj frvwv gxh wr gl!fxowlhv lq phdvxulqj fdslwdo
frvwv149 Dv srlqwhg rxw lq Frhool +5333,/ wklv dssurdfk gloxwhv wkh lpsdfw ri lq0
fhqwlyh edvhg uhjxodwlrq/ ehfdxvh lw uhvwulfwv srvvleoh frvw vdylqjv wr rshudwlqj
frvwv zkhuhdv fdslwdo frvwv duh xvxdoo| odujhu lq hohfwulflw| glvwulexwlrq1
Ilqdoo|/ ghvslwh wkh idfw wkdw lvvxhv ri lqirupdwlrq dv|pphwu| phdq wkdw
frqvwuxfwlqj d fuhgleoh prgho up lv sureohpdwlf +dqg kdv ehhq fkdoohqjhg e|
frxuwv,/ uhjxodwruv lq vrph ghyhorslqj frxqwulhv  shukdsv zlwk wkh lqwhqw ri
ryhufrplqj wkhlu shufhlyhg odfn ri fuhglelolw|  kdyh dgrswhg wkh prgho up
dssurdfk1
48Wkh frpphqwv rq wkh frqvhtxhqfhv ri gursslqj lqsxw sulfhv iurp wkh dqdo|vlv gudz
vxevwdqwldoo| rq wkh lqwhuhvwlqj glvfxvvlrq frqgxfwhg lq Frhool +5333,1
49Wkh xvxdo surfhgxuh lv wr wuhdw rshudwlqj frvwv dqg fdslwdo frvwv vhsdudwho|/ dqg rqo| lp0
srvh surgxfwlylw| lpsuryhphqwv edvhg rq wkh rshudwlqj shuirupdqfh1 Lq rughu wr uhpxqhudwh
wkh fdslwdo/ wkh uhjxodwru vhwv d idlu udwh ri uhwxuq rq fdslwdo1
477 Wkh Phdvxuhphqw ri H!flhqf|
Lq wklv sdshu zh xvh wzr ehqfkpdunlqj whfkqltxhv= Gdwd Hqyhorsphqw Dqdo0
|vlv +GHD, dqg Vwrfkdvwlf Iurqwlhu Dqdo|vlv +VID,1 Wklv iroorzv wkh wuhqg lq
wkh hpslulfdo olwhudwxuh wrzdugv iurqwlhu phwkrgv1 Lq dgglwlrq/ wkh xvh ri erwk
sdudphwulf dqg qrq0sdudphwulf dssurdfkhv vkrxog judqw vrph lqwhuhvwlqj frp0
sdulvrqv14:
714 Gdwd Hqyhorsphqw Dqdo|vlv
GHD lv d qrq0sdudphwulf phwkrg wkdw xvhv pdwkhpdwlfdo olqhdu surjudpplqj
wr frqvwuxfw wkh h!flhqf| iurqwlhu +ru ehvw sudfwlfh, dqg wr frpsxwh h!flhqf|
phdvxuhv uhodwlyh wr wkh iurqwlhu1 Wkh iudphzrun zdv uvw sursrvhg e| Iduuhoo
+4<8:,/ exw lw lv xvxdoo| dffhswhg wkdw Fkduqhv/ Frrshu dqg Ukrghv +4<:;,
pdgh wkh whfkqltxh rshudwlrqdo1
Lq jhqhudo whupv/ wkh GHD phwkrg frqvlvwv ri d vhulhv ri pd{lplvdwlrq sure0
ohpv1 Hdfk up +ru ghflvlrq pdnlqj xqlw, pd{lplvhv wkh udwlr ri zhljkwhg
rxsxwv wr lqsxwv/ vxemhfw wr wkh frqvwudlqw wkdw doo rxwsxw0lqsxw udwlrv vkrxog
eh ohvv wkdq ru htxdo wr rqh1 Wkh edvlf sureohp +wkdw vkrxog eh vroyhg iru hdfk
up, fdq eh h{suhvvhg dv=
6@%￿c￿ E￿+￿*￿%￿ E
r|E￿+￿*￿%￿  c' c2 cc
c  fc
zkhuh  lv d P{4 yhfwru ri rxwsxw zhljkwv dqg  lv d N{4 yhfwru ri lqsxw
zhljkwv/ %￿ lv d froxpq yhfwru ri wkh lqsxwv xvhg e| up  dqg +￿ l vdf r o x p q
yhfwru ri wkh rxwsxwv xvhg e| up 14;
Zh fdq ghulyh dq hqyhorsphqw irupxodwlrq +iru wkh frqvwdqw uhwxuqv wr vfdoh
fdvh, iru wklv sureohp dv=
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zkhuh w lv d vfdodu/ b lv d Q{4 yhfwru ri frqvwdqwv/ t lv wkh P{Q pdwul{ ri
rxwsxwv dqg f lv wkh N{Q pdwul{ ri lqsxwv1 w lv wkh whfkqlfdo h!flhqf| vfruh
 lw jlyhv krz pxfk zh vkrxog pxowlso| wkh lqsxw yhfwru ri up  lq rughu wr
dfklhyh whfkqlfdo h!flhqf|1 Wklv irupxodwlrq vdwlvhv w  / zlwk upv rq wkh
iurqwlhu uhfhlylqj d vfruh ri 41 Wkh h!flhqf| vfruhv duh frpsxwhg lq E2 e|
frpsdulqj hdfk up wr d olqhdu frpelqdwlrq ri vdpsoh upv zklfk surgxfh dw
ohdvw dv pxfk ri hdfk rxwsxw zlwk wkh plqlpxp frpelqdwlrq ri lqsxwv1 Wklv
4:Iru frpsdulvrqv ri dowhuqdwlyh dssurdfkhv vhh Oryhoo dqg Vfkplgw +4<;;,/ Vdudglv +5335,
ru FHSD +5336,1
4;Zh gudz wkh irupxodwlrq dqg wkh whuplqrorj| iurp Frhool hw do1 +4<<;,1
48surfhvv lv looxvwudwhg lq Iljxuh 4 iru dq lqsxw rulhqwdwlrq dqg frqvwdqw uhwxuqv




















GHD frqvwuxfwv d slhfh0zlvh olqhdu iurqwlhu iurp wkh ehvw sudfwlfh upv lq
wkh vdpsoh1 Doo upv lqvlgh wkh frqvwuxfwhg iurqwlhu duh frqvlghuhg lqh!flhqw1
Lq Iljxuh 4 upv E dqg F ghqh wkh iurqwlhu/ zkloh up D lv lqh!flhqw1 Ilup*v
D phdvxuh ri whfkqlfdo h!flhqf| lv jlyhq e| 3D*23D1
GHD fdq dovr dffrxqw iru wkh lq xhqfh rq h!flhqf| ri idfwruv eh|rqg wkh
frqwuro ri wkh pdqdjhu1 Wkhvh idfwruv duh xvxdoo| qdphg hqylurqphqwdo ydul0
deohv1 Lq hohfwulflw| glvwulexwlrq wkhuh duh d qxpehu ri idfwruv wkdw dhfw frvwv
exw duh qrw xqghu wkh frqwuro ri wkh pdqdjhphqw= fxvwrphu ghqvlw|/ wkh vl}h
ri wkh vhuylfh duhd/ v|vwhp frqjxudwlrq/ folpdwlf/ wrsrjudsklf dqg jhrjudsklf
frqglwlrqv1 Wkhuh duh glhuhqw phwkrgv wr dffrpprgdwh hqylurqphqwdo ydul0
deohv +Frhool/ 4<<;/ ss1 49904:4,  rqh srvvlelolw| lv wr lqfoxgh wkhp dv qrq0
glvfuhwlrqdu| yduldeohv/ hlwkhu dv lqsxwv ru rxwsxwv1 Zh fdq uhzulwh htxdwlrq
+5, +iru wkh yduldeoh uhwxuqv wr vfdoh fdvh, wr lqfoxgh erwk glvfuhwlrqdu| dqg
qrq0glvfuhwlrqdu| lqsxwv +ghqrwhg dv f( dqg f￿(/ uhvshfwlyho|, dv=
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zkhuh  lv dq Q{4 yhfwru ri rqhv1
Lq wkh deryh irupxodwlrq wkh olqhdu surjudpph iru wkh frpsxwdwlrq ri w
zloo rqo| vhhn udgldo frqwudfwlrq lq wkh glvfuhwlrqdu| lqsxwv/ kroglqj wkh qrq0
glvfuhwlrqdu| lqsxwv {hg1
GHD prghov fdq eh vshflhg dv frqvwdqw uhwxuqv wr vfdoh +FUV, ru yduldeoh
49uhwxuqv wr vfdoh +YUV,1 Dv zh fdq vhh e| frpsdulqj +5, dqg +6,/ wkh FUV sure0
ohp fdq eh prglhg wr dffrpprgdwh YUV e| dgglqj rqh frqvwudlqw= ￿b ' 1
Wklv frqvwudlqw hqvxuhv wkdw rqo| upv ri vlplodu vl}h duh frpsduhg1 Dvvxp0
lqj FUV zkhq qrw doo upv duh rshudwlqj dw wkh rswlpdo vfdoh zloo srooxwh wkh
whfkqlfdo h!flhqf| phdvxuhv e| lqfoxglqj lq w vfdoh hhfwv1 Lq wkh frqwh{w ri
hohfwulflw| glvwulexwlrq wkhuh lv qr frqvhqvxv dv wr zkdw vshflfdwlrq vkrxog eh
suhihudeoh1 Rq wkh rqh kdqg/ lw vhhpv xquhdolvwlf wr frpsduh upv ri vxfk glhu0
hqw vfdohv +dv lw lv wkh fdvh lq wkh hohfwulflw| glvwulexwlrq exvlqhvv, dqg wkhuhiruh
YUV vkrxog eh dvvxphg1 Rq wkh rwkhu kdqg/ lw fdq eh dujxhg wkdw glvwulexwlrq
xwlolwlhv fdq frqwuro vfdoh wkurxjk phujhuv ru ghphujhuv dqg wkxv FUV lv pruh
dssursuldwh1 Rqh srvvlelolw| frxog eh wr uxq erwk FUV dqg YUV prghov/ dqg
wr furvv0fkhfn wkh uhvxowv1
Wkh prghov vshflhg lq +5, dqg +6, duh erwk lqsxw0rulhqwhg/ exw GHD fdq
dovr eh rxwsxw0rulhqwhg1 Dq lqsxw0rulhqwhg h!flhqf| phdvxuh lv fdofxodwhg e|
plqlplvlqj lqsxw txdqwlwlhv iru d jlyhq ohyho ri rxwsxw/ zkloh dq rxwsxw0rulhqwhg
h!flhqf| phdvxuh lv fdofxodwhg e| pd{lplvlqj rxwsxw txdqwlwlhv iru d {hg
dprxqw ri lqsxw1 Dv vwuhvvhg lq Frhool +4<<;/ ss1 48;048<,/ wkh wzr phdvxuhv
surylgh wkh vdph ydoxh xqghu FUV/ exw duh xqhtxdo zkhq YUV lv dvvxphg1 Pruh
lpsruwdqwo|/ dowkrxjk wkh h!flhqf| phdvxuhv pd| glhu/ erwk zloo hvwlpdwh
h{dfwo| wkh vdph iurqwlhu dqg wkhuhiruh lghqwli| wkh vdph vhw ri h!flhqw upv1
Frqvlghulqj wkdw glvwulexwlrq xwlolwlhv wdnh wkhlu rxwsxw ohyhov dv jlyhq +l1h1 wkh|
pxvw phhw ghpdqg,/ lqsxw rulhqwdwlrq lv xvxdoo| suhihuuhg1
GHD uhtxluhv wkh fkrlfh ri lqsxw dqg rxwsxw yduldeohv/ dqg h!flhqf| vfruhv
pljkw eh vhqvlwlyh wr prgho vshflfdwlrq1 Zkhq vhohfwlqj wkh yduldeohv d wudgh0
r ehwzhhq lqfoxglqj dv pdq| yduldeohv dv qhfhvvdu| wr uhsuhvhqw wkh exvlqhvv
frqfhuqhg dqg nhhslqj wkh qxpehu ri yduldeohv vpdoo uhodwlyh wr wkh qxpehu ri
upv +vhh qrwh 9, vkrxog eh fduhixoo| frqvlghuhg1
GHD kdv d qxpehu ri ghvludeoh ihdwxuhv1 Iluvw/ lw lv d qrq0sdudphwulf phwkrg
dqg wkhuhiruh grhv qrw uhtxluh wkh vshflfdwlrq ri d ixqfwlrqdo irup1 Vhfrqg/
lqh!flhqw upv duh frpsduhg wr dfwxdo upv udwkhu wkdq d vwdwlvwlfdoo| frq0
vwuxfwhg iurqwlhu1 Wklug/ uhodwlyh wr sdudphwulf phwkrgv/ GHD fdq eh lpsoh0
phqwhg lq d vpdoohu gdwdvhw> krzhyhu/ lw lv uhfrpphqghg wr nhhs wkh qxpehu ri
yduldeohv xqghu frqwuro lq rughu qrw wr jhw dq xquhdvrqdeoh qxpehu ri frpsdqlhv
rq wkh iurqwlhu1 Ilqdoo|/ GHD lv  h{leoh hqrxjk wr doorz iru wkh xvh ri sk|vlfdo
dqg prqhwdu| ydoxhv dolnh dv lqsxw ru rxwsxw yduldeohv/ zkdw fdq eh yhu| xvhixo
lq wkh frqwh{w ri hohfwulflw| glvwulexwlrq1 Krzhyhu/ wkhuh duh dovr glvdgydqwdjhv
ri wkh phwkrg1 D pdmru gudzedfn lv wkdw lw grhv qrw doorz iru vwrfkdvwlf idfwruv
ru phdvxuhphqw huuruv1 Wklv lpsolhv wkdw doo ghyldwlrqv iurp wkh ehvw sudfwlfh
iurqwlhu duh dffrxqwhg iru dv lqh!flhqf|1 Lq dgglwlrq/ dv suhylrxvo| revhuyhg/
wkh vhohfwlrq ri lqsxw dqg rxwsxw yduldeohv lv d fhqwudo dvshfw ri GHD dqg uh0
vxowv pljkw eh kljko| vhqvlwlyh wr prgho vshflfdwlrq1 Dqrwkhu sureohp lv wkh
srvvleoh lq xhqfh ri rxwolhuv rq wkh iurqwlhu dqg frqvhtxhqwo| rq wkh h!flhqf|
4:vfruhv1 Rqo| d fduhixo h{dplqdwlrq ri wkh uhvxowv pljkw khos vsrwwlqj rxwolhuv/
dv wkh| zloo jr xqghwhfwhg e| wkh GHD phwkrg1 Ilqdoo|/ GHD frqvwuxfwv wkh
iurqwlhu iurp wkh prvw h!flhqw frpsdqlhv zlwklq wkh vdpsoh1 Wkhuhiruh/ li wkh
vdpsoh lv wrr vpdoo ru qrw uhsuhvhqwdwlyh ri wkh lqgxvwu|/ wkh frpsxwhg iurqwlhu
zloo qrw uh hfw wkh prvw h!flhqw sudfwlfh1
Iroorzlqj wkh frpsxwdwlrq ri h!flhqf| vfruhv/ d qdwxudo surjuhvvlrq rq h!0
flhqf| phdvxuhphqw lv wr dvvhvv surgxfwlylw| jurzwk1 Li sdqho gdwd lv dydlodeoh/
GHD fdq eh xvhg wr fdofxodwh d Pdoptxlvw lqgh{ iru phdvxulqj wrwdo idfwru
surgxfwlylw| fkdqjh ryhu wlph1 D Pdoptxlvw lqgh{ ri surgxfwlylw| jurzwk lv
ghqhg dv wkh jhrphwulf dyhudjh ehwzhhq wzr Pdoptxlvw lqglfhv  rqh wkdw
xvhv dv ehqfkpdun wkh hduolhu shulrg whfkqrorj| +shulrg w, dqg rqh wkdw xvhv
dv ehqfkpdun wkh odwhu shulrg whfkqrorj| +shulrg w.4,1 Wkh lqsxw0rulhqwhg
Pdoptxlvw lqgh{ ri surgxfwlylw| jurzwk ehwzhhq shulrgv | dqg | nfdq eh
zulwwhq dv=
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￿ E%|c+ |uhsuhvhqwv wkh lqsxw glvwdqfh ixqfwlrq ri wkh surgxfwlrq
srlqw E%|c+ | wr wkh iurqwlhu/ frqvlghulqj whfkqrorj| iurp shulrg | n 1W k h
uvw udwlr ri wkh uljkw0kdqg vlgh whup phdvxuhv wkh h!flhqf| ri wkh surgxfwlrq
srlqw E%|n￿c+ |n￿ wr wkh h!flhqf| ri wkh surgxfwlrq srlqw E%|c+ |/x v l q js h u l r g
|whfkqrorj|1 Wkh vhfrqg udwlr phdvxuhv wkh h!flhqf| ri wkh surgxfwlrq srlqw
E%|n￿c+ |n￿ wr wkh h!flhqf| ri wkh surgxfwlrq srlqw E%|c+ |/ xvlqj shulrg | n
whfkqrorj|1
Wkh glvwdqfh ixqfwlrqv fdq eh fdofxodwhg xvlqj irxu vhsdudwh GHD olqhdu sur0
judpphv1 Wkh glvwdqfh ixqfwlrqv zklfk xvh gdwd dqg whfkqrorj| iurp wkh vdph
wlph shulrg fdq eh frpsxwhg iurp surjudpphv vxfk dv +5,1 Wkh glvwdqfh ixqf0
wlrqv zklfk xvh surgxfwlrq srlqwv dqg whfkqrorjlhv iurp glhuhqw wlph shulrgv
uhtxluh d surjudpph vxfk dv=
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zkhuh wkh uvw vxevfulswv ri + dqg % lqglfdwh wkh up/ zkloh wkh vhfrqg
vxevfulswv lqglfdwh wkh gdwd wlph shulrg1 Wkh vxevfulswv ri wkh pdwulfhv f dqg
t lqglfdwh wkh wlph shulrg ri wkh whfkqrorj|1 Wkhuhiruh +8, fdq eh xvhg wr
fdofxodwh (|
￿ E%|n￿c+ |n￿
Wkh xvh ri d Pdoptxlvw lqgh{ ri surgxfwlylw| jurzwk lv xvhixo iru ehqfk0
pdunlqj dqg wklv lv uh hfwhg lq wkh jurzlqj hpslulfdo olwhudwxuh1 Lw lqwurgxfhv
vrph g|qdplfv lqwr wkh h!flhqf| dqdo|vlv dqg doorzv wr fkhfn iru frqyhujhqfh1
Lq dgglwlrq/ wkh Pdoptxlvw lqgh{ fdq eh ixuwkhu ghfrpsrvhg lqwr d fdwfklqj0xs
frpsrqhqw +pryhphqw wrzdugv wkh iurqwlhu, dqg d whfkqlfdo fkdqjh frpsrqhqw
4;+pryhphqw ri wkh iurqwlhu,1 Dqrwkhu dgydqwdjh ri wkh Pdoptxlvw lqgh{ zklfk
glhuhqwldwhv lw iurp rwkhu surgxfwlylw| lqglfhv lv wkdw lw grhv qrw uhtxluh sulfh
lqirupdwlrq1 Lq wklv vwxg| zh zloo xvh d Pdoptxlvw surgxfwlylw| lqgh{ wr vkhg
vrph oljkw rq wkh lpsdfw ri sulydwlvdwlrq1
715 Vwrfkdvwlf Iurqwlhu Dqdo|vlv
Vwrfkdvwlf Iurqwlhu Dqdo|vlv +VID, lv d sdudphwulf dssurdfk wkdw xvhv vwdwlvwlfdo
whfkqltxhv wr hvwlpdwh d iurqwlhu dqg wr hvwlpdwh h!flhqf| uhodwlyh wr wkh iurq0
wlhu1 Glhuhqwo| iurp wkh ghwhuplqlvwlf vwdwlvwlfdo iurqwlhu dssurdfk/ VID doorzv
wkh iurqwlhu wr eh vwrfkdvwlf +Oryhoo dqg Vfkplgw/ 4<;;/ s153,1 Wkh whfkqltxh
zdv uvw sursrvhg e| wzr sdshuv/ sxeolvkhg qhduo| vlpxowdqhrxvo|  Phhxvhq
dqg ydq ghq Eurhfn +4<::, dqg Dljqhu/ Oryhoo dqg Vfkplgw +4<::, / dqg kdv
ehhq h{whqghg e| Vfkplgw dqg Oryhoo +4<:<,/ Mrqgurz hw do1 +4<;5,/ Fruqzhoo/
Vfkplgw dqg Vlfnohv +4<<3,/ Nxpekdndu +4<<3,/ dqg Edwwhvh dqg Frhool +4<<5/
4<<8,/ dprqj rwkhuv1
Wr looxvwudwh wkh dssurdfk/ zh zloo frqvlghu wkh sureohp ri hvwlpdwlqj d
sdudphwulf Free0Grxjodv surgxfwlrq ixqfwlrq/ xvlqj gdwd ri d vdpsoh ri Q
upv= 4<
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zkhuh ,?E+￿ lv wkh orjdulwkp ri wkh rxwsxw iru wkh wk up> %￿ lv d Egn0urz
yhfwru/ zkrvh uvw hohphqw lv R dqg wkh uhpdlqlqj hohphqwv duh wkh orjdulwkpv
ri wkh g lqsxw txdqwlwlhv xvhg e| up > q lv d Eg n  0froxpq yhfwru ri
wkh sdudphwhuv wr eh hvwlpdwhg> dqg ￿ lv d qrq0qhjdwlyh udpgrp yduldeoh
wkdw uhsuhvhqwv whfkqlfdo lqh!flhqf|1 Htxdwlrq +9, h{suhvvhv wkh ghwhuplqlvwlf
iurqwlhu prgho1 Wkh prgho lv ghwhuplqlvwlf ehfdxvh wkh surgxfwlrq iurqwlhu lv
erxqghg deryh e| wkh qrq0vwrfkdvwlf txdqwlw|/ e%RE%￿q1
Wkh ruljlqdo VID prghov dgghg dqrwkhu huuru frpsrqhqw wr wkh surgxfwlrq
ixqfwlrq/ wr surylgh=
,?E+￿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zkhuh wkh udqgrp huuru ￿ lv lqwhqghg wr fdswxuh phdvxuhphqw huuru dqg
rwkhu udqgrp idfwruv1 Lw lv xvxdoo| dvvxphg wkdw ￿
￿r duh lqghshqghqwo| dqg
lghqwlfdoo| glvwulexwhg +l1l1g1, qrupdo yduldeohv zlwk phdq }hur dqg yduldqfh
j2
￿/ dqg duh lqghshqghqw ri wkh ￿
￿r/ zklfk kdyh h{srqhqwldo/ kdoi0qrupdo ru
wuxqfdwhg qrupdo l1l1g1 glvwulexwlrq153 Wkh whfkqlfdo h!flhqf| ri up l lv ghqhg
dv=
A. ￿ 'e%RE￿ EH
4<Dv zh glg iru GHD zh gudz wkh irupxodwlrq dqg whuplqrorj| iurp Frhool hw do1 +4<<;,1
53Krz lpsruwdqw duh glvwulexwlrqdo dvvxpswlrqv wr wkh hvwlpdwlrq ri h!flhqf|B Wkhuh lv
hpslulfdo hylghqfh ri wkh vhqvlwlylw| ri phdq h!flhqflhv wr wkh glvwulexwlrq ri y/ exw lw lv qrw
vr fohdu zkhwkhu glvwulexwlrqdo dvvxpswlrqv duh uhohydqw wr wkh udqnlqj ri lqglylgxdov e| wkhlu
h!flhqf| vfruhv1 Vhh Nxpekdndu dqg Oryhoo +5333,/ s1 <31
4<Qrz wkh prgho lv qr orqjhu ghwhuplqlvwlf ehfdxvh wkh surgxfwlrq iurqwlhu lv
erxqghg deryh e| d vwrfkdvwlf txdqwlw|/ e%RE%￿q n ￿1 q dqg ￿
￿r f d qe hh v w l 0
pdwhg e| pd{lpxp olnholkrrg phwkrgv ru e| fruuhfwhg ruglqdu| ohdvw vtxduhv
+FROV,1 Jlyhq wkdw wkh pd{lpxp olnholkrrg hvwlpdwru lv dv|pswrwlfdoo| pruh
h!flhqw wkdq wkh FROV hvwlpdwru/ dqg wkdw iru qlwh vdpsohv wkhuh duh vlwxd0
wlrqv lq zklfk wkh pd{lpxp olnholkrrg hvwlpdwru lv irxqg wr eh ehwwhu wkdq wkh
FROV hvwlpdwru/ zh zloo xvh pd{lpxp olnholkrrg hvwlpdwlrq lq wklv sdshu154
Wkh juhdwhvw vwuhqjwk ri VID lv wkh lqwurgxfwlrq ri d vwrfkdvwlf huuru uhs0
uhvhqwlqj phdvxuhphqw huuruv ru qrlvh/ dqg wkh dwwhpsw wr vhsdudwh wklv frp0
srqhqw iurp lqh!flhqf| hhfwv1 Wklv frqwudvwv zlwk GHD/ zklfk dwwulexwhv doo
ghyldwlrqv iurp wkh iurqwlhu wr lqh!flhqf|1 Wkhuhiruh/ zkhqhyhu gdwd lv h{shfwhg
wr eh vxevwdqwldoo| lq xhqfhg e| phdvxuhphqw huuru ru e| udqgrp vkrfnv/ VID
vkrxog suredeo| eh suhihuuhg1 Lq dgglwlrq/ VID doorzv wkh hvwlpdwlrq ri vwdq0
gdug huuruv dqg whvwv ri k|srwkhvlv uhjduglqj wkh h{lvwhqfh ri lqh!flhqf|/ wkh
ixqfwlrqdo irup ri wkh iurqwlhu dqg wkh vljqlfdqfh ri h{sodqdwru| idfwruv rq
wkh vkdsh ri wkh iurqwlhu1 VID shuplwv wkh lqfoxvlrq ri hqylurqphqwdo yduldeohv
+wklv fdq eh grqh e| prghoolqj lqh!flhqf| hhfwv dv d ixqfwlrq ri wkhvh ydul0
deohv,/ dqg fdq dffrpprgdwh erwk FUV dqg YUV vshflfdwlrqv155 Krzhyhu/
wkh surfhgxuh ri vhsdudwlqj wkh huuru frpsrqhqw iurp lqh!flhqf| hhfwv fdq eh
sureohpdwlf1 Lq wkh suhvhqfh ri rxwolhuv/ VID fdq idlo wr glhuhqwldwh ehwzhhq
frpsdqlhv* glhuhqw shuirupdqfh dqg pd| qg olwwoh lqh!flhqf| lq wkh vdpsoh1
D zd| wr wdfnoh wklv sureohp zrxog eh wr vxeplw wkh vdpsoh wr d suholplqdu|
gdwd dqdo|vlv wr lghqwli| wkh olnho| rxwolhuv dqg wkhq wr h{foxgh wkhp iurp wkh
vdpsoh1 VID kdv rwkhu gudzedfnv= lq rughu wr vhohfw dq dssursuldwh ixqfwlrqdo
irup wr eh hvwlpdwhg/ ehkdylrxudo dvvxpswlrqv duh uhtxluhg dqg qhhg wr eh mxv0
wlhg> VID dovr uhtxluhv wkh vshflfdwlrq ri wkh glvwulexwlrq ri wkh lqh!flhqf|
whup> qdoo|/ wkh hvwlpdwlrq uhtxluhv d uhdvrqdeoh vdpsoh vl}h1
Zh lqwurgxfhg wkh VID iudphzrun xvlqj d surgxfwlrq ixqfwlrq dv dq h{0
dpsoh1 Krzhyhu/ dv srlqwhg rxw lq Frhool dqg Shuhopdq +4<<<,/ d surgxfwlrq
whfkqrorj| pd| eh uhsuhvhqwhg lq pdq| zd|v1 Lq dgglwlrq wr wkh surgxfwlrq
ixqfwlrq/ lw lv srvvleoh wr xvh VID wr hvwlpdwh frvw/ surw/ uhyhqxh dqg lqsxw
ru rxwsxw glvwdqfh ixqfwlrqv1 Dv suhylrxvo| suhvhqwhg lq wkh frqwh{w ri GHD/
wkh lqsxw glvwdqfh ixqfwlrq lv ghqhg e| frqvlghulqj krz pxfk lqsxwv fdq eh
frqwudfwhg zkhuhdv rxwsxwv duh khog {hg1
Zh fkrvh wr hvwlpdwh lqsxw glvwdqfh ixqfwlrqv prwlydwhg e| ydulrxv uhdvrqv1
Iluvw/ lqsxw glvwdqfh ixqfwlrqv fdq dffrpprgdwh pxowlsoh rxwsxwv1 Vlqfh rxu
GHD prghov lqyroyh pxowlsoh rxwsxwv dqg zh zdqw wr nhhs dv pxfk dv srvvleoh
frpsdudelolw| ehwzhhq wkh uhvxowv ri wkh wzr phwkrgv/ lqsxw glvwdqfh ixqfwlrqv
54Rq wkh qlwh vdpsoh surshuwlhv ri FROV dqg pd{lpxp olnholkrrg hvwlpdwruv iru vwrfkdvwlf
iurqwlhu ixqfwlrqv/ vhh Frhool +4<<8,1
55Zh ghwdlo rxu surfhgxuh wr prgho lqh!flhqf| hhfwv dw wkh hqg ri wklv vhfwlrq/ zkhq zh
suhvhqw wkh vshflfdwlrqv iru rxu VID1
53duh wkh reylrxv fkrlfh1 Vhfrqg/ lqsxw glvwdqfh ixqfwlrqv gr qrw uhtxluh sulfh
lqirupdwlrq1 Wklug/ lqsxw glvwdqfh ixqfwlrqv gr qrw uhtxluh ehkdylrxudo dv0
vxpswlrqv/ vxfk dv surw pd{lplvdwlrq ru frvw plqlplvdwlrq/ zklfk zrxog eh
gl!fxow wr mxvwli| lq wkh frqwh{w ri wkh Eud}loldq hohfwulflw| glvwulexwlrq vhfwru
lq 4<<7156
Wzr vhwv ri ixqfwlrqdo vshflfdwlrqv duh xvhg lq wklv vwxg|  rqh iru furvv0
vhfwlrq gdwd dqg rqh iru sdqho gdwd1 Frhool dqg Shuhopdq +4<<</ s1 65<, revhuyh
wkdw wkh wudqvorj ixqfwlrqdo irup iru glvwdqfh ixqwlrqv pd| eh suhihuuhg wr
wkh srsxodu Free0Grxjodv irup ehfdxvh ri wkh odwwhu*v uhvwulfwlyh hodvwlflw| ri
vxevwlwxwlrq dqg vfdoh surshuwlhv1 Lq rughu wr ghulyh rxu ixqfwlrqdo vshflfdwlrqv

























B&6,?%&￿,?+6￿c ' ccc Eb
zkhuh %&￿ ghqrwhv rqh ri wkh g lqsxwv iru wkh wk up/ +6￿ lv rqh ri wkh 
rxwsxwv ri wkh wk up/ q
￿r/ k￿r dqg B
￿r duh xqnqrzq sdudphwhuv1 Ehfdxvh wkh
glvwdqfh ixqfwlrq dv zhoo dv lqsxwv dqg rxwsxwv uhihu wr wkh vdph wlph shulrg/
zh fdq rplw wkh wlph vxevfulsw1
Dvvxplqj wkdw wkh uhvwulfwlrqv uhtxluhg iru krprjhqhlw| ri wkh glvwdqfh ixqf0































zkhuh %W ' %*%g1
Zh fdq h{suhvv wkh suhylrxv htxdwlrq dv=
,?(￿E%*%gc+'AuE%*%gc+ckcqcBE   
Xvlqj krprjhqhlw|=
,?(￿E%*%gc+',?E(￿E%c+*%g',?(￿E%c+  ,?%g E2
Khqfh
,?E%g'AuE%*%gc+ckcqcB,?(￿E%c+ E
56Frhool +5333, dggv dqrwkhu uhdvrq wr suhihu lqsxw glvwdqfh ixqfwlrqv ryhu frvw ru surgxf0
wlrq ixqfwlrqv1 +111, wkh surgxfwlrq ixqfwlrq pd| vxhu iurp vlpxowdqhrxv htxdwlrqv eldv
sureohpv ehfdxvh wkh lqghshqghqw yduldeohv +lqsxwv, duh hqgrjhqrxv/ zkloh wkh ghshqghqw
yduldeoh +rxwsxw, lv h{rjhqrxv1 Krzhyhu/ lq dq lqsxw glvwdqfh ixqfwlrq wkh lqghshqghqw ydul0
deohv +rxwsxwv dqg lqsxw udwlrv, duh h{rjhqrxv/ zkloh wkh ghshqghqw yduldeoh +dq lqsxw, lv
hqgrjhqrxv1 Frhool +5333/ s1 ;,
57Zlwk uhvshfw wr wkh whuplqrorj| dqg ghulydwlrqv zh gudz rq Frhool dqg Shuhopdq +4<<<,1
54Revhuyh wkdw wkh whup ,?(￿E%c+ fdq eh lqwhusuhwhg dv wkh xqrevhuydeoh
whfkqlfdo lqh!flhqf| hhfw/ ￿1 Ixuwkhupruh/ lq wkh frqwh{w ri VID zh pxvw dgg
d udqgrp huuru wr dffrxqw iru phdvxuhphqw huuru dqg rwkhu vwrfkdvwlf idfwruv1
Wkh qdo +YUV, h{suhvvlrq iru wkh vlqjoh0lqsxw pxowlsoh0rxwsxw wudqvorj prgho











zkhuh %￿ lv wkh vlqjoh +vfdodu, lqsxw iru up / +6￿ lv rqh ri wkh  rxwsxwv ri
wkh wk up/ q
￿r duh xqnqrzq sdudphwhuv wr eh hvwlpdwhg/ ￿ ghqrwhv d udqgrp
glvwxuedqfh whup zlwk l1l1g1 Efcj2
￿, glvwulexwlrq dqg ￿ uhsuhvhqwv wkh +qrq0
qhjdwlyh, whfkqlfdo lqh!flhqf| whup/ zklfk fdq kdyh kdoi0qrupdo/ nEfcj 2
￿/
ru wuxqfdwhg qrupdo glvwulexwlrq/ nE>cj2
￿/ ghshqglqj rq zkhwkhu lqh!flhqf|
hhfwv duh h{solflwo| prghoohg1 Zh rqo| prgho lqh!flhqf| hhfwv zkhq hqylurq0
phqwdo yduldeohv duh lqfoxghg> lq wklv fdvh/ wkh phdq h!flhqf|/ >￿/ lv d ixqfwlrq
ri wkhvh yduldeohv=





￿r duh xqnqrzq vfdodu sdudphwhuv wr eh hvwlpdwhg/ dqg 5￿r duh wkh
hqylurqphqwdo yduldeohv1
Zh hvwlpdwh hdfk prgho +vhh wkh qh{w vhfwlrq iru rxu fkrlfh ri prghov, iru
hdfk dydlodeoh |hdu +4<<7 dqg 5333, xvlqj wkh wudqvorj vshflfdwlrq1 Ehfdxvh ri
srvvleoh sureohpv ri pxowlfroolqhdulw| dprqj yduldeohv lq wkh wudqvorj vshflfd0




q6,?+6￿ n ￿  ￿ ES
Lq rughu wr wdnh ixoo dgydqwdjh ru rxu wlph vhulhv dqg wr lqyhvwljdwh wkh
g|qdplfv ri wkh lqgxvwulhv/ zh dovr hvwlpdwh sdqho gdwd prghov1 Wkh ghulydwlrq
ri wkh sdqho gdwd vshflfdwlrq lv dqdodjrxv wr wkh furvv0vhfwlrq fdvh dqg zh zloo
qrw uhsurgxfh lw1 Wkh sdqho gdwd vshflfdwlrq lv dv iroorzv =














2q|||2 n ￿|  ￿|c E.
zkhuh ￿r duh xqnqrzq sdudphwhuv/ (￿- lv d frxqwu| gxpp| wkdw wdnhv wkh
ydoxh ri 4 zkhq wkh up lv iurp Eud}lo dqg 3 zkhq wkh up lv iurp wkh X1V1D1/
dqg | lv wkh wlph wuhqg1 Wkh glvwdqfh ixqfwlrq qrz lqfoxghv d frxqwu| gxpp|
yduldeoh/ (￿-/ wr whvw iru v|vwhpdwlf glhuhqfhv lq whfkqrorj| ehwzhhq Eud}lo
dqg wkh X1V1D1/ d wlph wuhqg/ dqg dq lqwhudfwlrq ehwzhhq wkh frxqwu| gxpp|
dqg wkh wlph wuhqg/ wr whvw iru v|vwhpdwlf glhuhqfhv lq wkh udwh ri whfkqrorjlfdo
fkdqjhv ehwzhhq wkh wzr frxqwulhv1 Dv ehiruh/ zh dovr hvwlpdwh d orjolqhdu
55yhuvlrq ri wkh wudqvorj vshflfdwlrq1 Lq rughu wr vlpsoli| wkh h{srvlwlrq iru wkh
sdqho gdwd fdvh/ lqvwhdg ri hvwlpdwlqj wkh sdudphwhuv iru doo vhohfwhg prghov/
zh frqfhqwudwh rq rqo| wzr prghov  zklfk qhyhuwkhohvv lqfoxgh doo vhohfwhg
yduldeohv1
8 Gdwd dqg Fkrlfh ri Prghov
814 Fkrlfh ri Prghov
Wkh yduldeohv dqg prghov vhohfwhg vkrxog uh hfw dv pxfk dv srvvleoh wkh edvlf
ixqfwlrqv ri wkh lqgxvwu| frqfhuqhg1 Krzhyhu/ rxu uhylhz ri wkh ehqfkpdunlqj
olwhudwxuh vkrzhg wkdw wkhuh lv qr frqvhqvxv rq krz wkhvh ixqfwlrqv vkrxog eh
wudqvodwhg lqwr lqsxw ru rxwsxw yduldeohv1 Rxu fkrlfh ri yduldeohv zdv sduwo|
edvhg rq wkh prvw iuhtxhqwo| xvhg yduldeohv lq dfdghplf ehqfkpdunlqj vwxg0
lhv1 Wdeoh 6 vkrzv wkh iuhtxhqf| ri wkh xvh ri yduldeohv lq vhohfwhg dfdghplf
ehqfkpdunlqj vwxglhv ri glvwulexwlrq xwlolwlhv158
58Mdpdve dqg Sroolww*v +5334d, vxuyh| ri wkh ehqfkpdunlqj olwhudwxuh uhsruwv qxpehuv wkdw
duh forvh wr wkh rqhv zh uhsruw khuh1 Erwk wkhlu vxuyh| dqg rxuv lghqwli| dv wkh prvw iuh0
txhqwo| xvhg lqsxwv qhwzrun ohqjwk/ wudqviruphu fdsdflw| dqg oderxu1 Erwk lghqwli| qxpehu
ri fxvwrphuv dqg xqlwv gholyhuhg dv wkh prvw iuhtxhqwo| xvhg rxwsxw yduldeohv1 Krzhyhu/ vlqfh
zh glg qrw lqfoxgh uhjxodwru| vwxglhv lq rxu iuhtxhqf| qxpehu/ frvw phdvxuhv duh uhsruwhg dv
pruh iuhtxhqwo| xvhg lq Mdpdve dqg Sroolw +5334d,1
56Inputs Outputs 
·  network length: 
LV lines (km) (3) 
MV lines (km) (1) 
HV lines (km) (3) 
total network length (9) 
·  transformer capacity: 
substation transformer capacity 
HV/MV and MV/MV (MVA) (1) 
substation trasformer capacity MV/LV 
(MVA) (1) 
(distribution) transformer capacity 
(MVA) (9) 
·  labour: 
employees (#) (6)  




customer density (# customers/ km
2) 
(1)  
industrial sales/ total sales (1) 
losses (5) 
maximum demand (1) 
transformers (1) 
total electricity sales (MWh) (2) 
residential sales to total sales ratio (1) 
OPEX ($) (1) 
TOTEX ($) (1) 
goods and services ($) (2) 
materials ($) (1) 
capital ($) (3) 
general expenses ($) (1) 
·  number of customers:  
LV customers (#) (3) 
HV customers (#) (2) 
M/ HV customers (#) (1) 
residential customers (#) (1) 
industrial customers (#) (1) 
total customers (#) (9) 
·  units sold:  
LV electricity sales (MWh) (2) 
HV electricity sales (MWh) (2) 
residential electricity sales (MWh) (4) 
non-residential electricity sales (MWh) (2) 
industrial sales (MWh) (3) 
non-industrial sales (MWh) (1) 
commercial sales (MWh) (1) 




service reliability (sales/ losses (%)) (1) 
total network length (km) (1) 
line length 1-24 kV (km) (1) 
distance index (1) 
maximum demand (MW) (2) 
Environmental variables: 
network length (km) (1) 
losses (MWh) (1) 
load factor (average demand/ peak demand) (1) 
customer density (# customers/ # transformers) (1) 
consumption density (sales/ customer ) (1) 
distance index (1) 
 
Note: Grifell-Tatjé and Lovell (2003), Resende (2002), Jamasb and Pollitt (2001b), Hattori 
(2001), Pardina and Rossi (2000), Kittelsen (1999), Førsund and Kittelsen (1998), Meibodi 
(1998), Burns and Weyman-Jones (1996), Bagdadioglu et al. (1996), Pollitt (1995), Kittelsen 
(1993), Hjalmarsson and Veiderpass (1992a, 1992b), and Weyman-Jones (1991) are the studies 
included here. We only included the academic studies on electricity distribution that explicitly 
classify the variables used into input, output or environmental variables. See Table 1 for more 
details on all academic studies reviewed.  
Wdeoh 6= Iuhtxhqf| ri Wkh Xvh ri Yduldeohv lq Vhohfwhg Vwxglhv
Iurp d uhjxodwru| srlqw ri ylhz/ zkhq vhohfwlqj lqsxw dqg rxwsxw yduldeohv
lw lv lpsruwdqw wr frqvlghu wkh idfwruv wkdw dhfw wkh ohyho ri frvwv1 Ehfdxvh wkh
uhjxodwru lv pdlqo| frqfhuqhg zlwk dvvhvvlqj xwlolwlhv lq whupv ri frvw h!flhqf|/
uhjxodwru| vwxglhv xvxdoo| xvh prqhwdu| phdvxuhv dv lqsxwv udwkhu wkdq sk|vl0
fdo ydoxhv1 Rshudwlqj h{shqglwxuhv/ fdslwdo h{shqglwxuhv dqg wrwdo h{shqglwxuhv
duh wkh suhihuuhg phdvxuhv lq ehqfkpdunlqj vwxglhv frqgxfwhg e| wkh uhjxodwru
+Vhh Wdeoh 5,1 Wkh h{suhvvlrq ri glhuhqw lqsxwv lq wkh vdph phdvxuh +prq0
57hwdu| ydoxh, doorzv wr dvvhvv glhuhqw lqsxw frqjxudwlrqv zlwkrxw dq dg0krf
suhihuhqfh iru dq| vshflf rqh1 Zh xvh hlwkhu rshudwlqj h{shqglwxuhv +RSH[,
ru wrwdo h{shqglwxuhv +WRWH[, dv lqsxw yduldeohv159 5: Wdeoh 7 rxwolqhv wkh
prgho vshflfdwlrqv xvhg lq wklv vwxg|1
  Model  1 Model  2 Model  3 
Inputs  OPEX OPEX OPEX 
Outputs  total units (MWh) 
customers (#) 
 
total units (MWh) 
customers (#) 
network length (km) 




  peak  demand  (MW) 
customer density  
residential ratio 
 
  Model  4 Model  5 Model  6 
Inputs  OPEX TOTEX  TOTEX 
Outputs  total units (MWh) 
customers (#) 
network length (km) 
total units (MWh) 
customers (#) 





peak demand (MW) 
customer density  
residential ratio 
 peak  demand  (MW) 
customer density  
residential ratio 
 
Note: customer density is the number of customers per km of network, and residential is the ratio of number of residential 
customers  to total number of customers.
Wdeoh 7= Suhihuuhg Prghov
Lghdoo| zh zrxog olnh wr kdyh lqfoxghg d juhdwhu qxpehu ri hqylurqphqwdo
idfwruv/ vrph ri zklfk zhuh vxjjhvwhg lq Vxevhfwlrq 7141 Odfn ri dydlodeoh
gdwd suhyhqwhg xv iurp lqfoxglqj pruh hqylurqphqwdo yduldeohv1 Krzhyhu/ wkh
vhohfwhg yduldeohv lqfrusrudwh wzr lpsruwdqw idfwruv wkdw dhfw frvwv exw duh
eh|rqg pdqdjhphqw frqwuro= fxvwrphu ghqvlw| dqg v|vwhp frqjxudwlrq1 Zh
kdyh h{shulphqwhg zlwk vhyhudo yhuvlrqv ri wkhvh vl{ prghov/ exw irxqg kljko|
fruuhodwhg uhvxowv15;
59Dv revhuyhg lq d vwxg| suhsduhg iru wkh Gxwfk uhjxodwru= +111, frpsdqlhv wkdw duh
irxqg wr eh lqh!flhqw rq rshudwlqj h{shqglwxuh pljkw vlpso| eh fkrrvlqj wr rshudwh zlwk d
kljk oderxu/ orz fdslwdo vwuxfwxuh1 Dq rshudwlqj h{shqglwxuh0rqo| ehqfkpdun pljkw xqidluo|
lghqwli| vxfk frpsdq| dv lqh!flhqw +vlqfh lw zrxog eh frpsduhg wr frpsdqlhv wkdw pljkw
fkrrvh wr rshudwh zlwk d orz oderxu/ kljk fdslwdo vwuxfwxuh, +Iurqwlhu Hfrqrplfv/ 5333/ s1
9,1 Rqo| d prqhwdu| phdvxuh ri wrwdo frvwv dv lqsxw doorzv wr frqvlghu doo srvvleoh wudgh0rv
ehwzhhq glhuhqw lqsxwv1
5:Zh ghqh rxu phdvxuhv ri RSH[ dqg WRWH[ zkhq zh suhvhqw rxu gdwd lq wkh qh{w
vxevhfwlrq1
5;Lq sduwlfxodu/ zh fkhfnhg wkh lpsdfw ri xvlqj wkh euhdn0xs ri fxvwrphu qxpehuv dqg vdohv
58815 Gdwd
Wklv ehqfkpdunlqj vwxg| lv edvhg rq gdwd iru :5 X1V1 lqyhvwru0rzqhg xwlolwlhv
dqg 47 Eud}loldq glvwulexwlrq frpsdqlhv1 Xqwlo 4<<7 doo frpsdqlhv lq wkh Eud}lo0
ldq vdpsoh zhuh sxeolfo|0rzqhg1 Wkh uvw sulydwlvdwlrq wrrn sodfh lq 4<<8 dqg
e| 4<<; doo frpsdqlhv lq rxu vdpsoh kdg ehhq sulydwlvhg1 Ehfdxvh rxu gdwd
uhihuv wr 4<<7 dqg 5333/ zh duh deoh wr lqfrusrudwh lqwr wkh dqdo|vlv wkh fkdqjh
lq rzqhuvkls lq wkh Eud}loldq glvwulexwlrq vhfwru1 Rxu sdqho lv xqedodqfhg dqg/
dv d frqvhtxhqfh/ wkh qxpehu ri frpsdqlhv xvhg ydulhv dfurvv prghov1 Krzhyhu/
zh nhsw d plqlpxp ri ;4 frpsdqlhv/ lqfoxglqj dw ohdvw 43 Eud}loldq glvwulex0
wlrq xwlolwlhv lq hdfk prgho1 Wkh X1V1 lqyhvwru0rzqhg xwlolwlhv lq rxu gdwdedvh
dffrxqw iru dssur{lpdwho| 5;( ri qdwlrqdo vdohv wr xowlpdwh fxvwrphuv/ dqg
duh vsuhdg ryhu 73 vwdwhv1 Wkh frpsdqlhv lq wkh Eud}loldq vdpsoh duh vsuhdg
ryhu qlqh vwdwhv dqg irxu uhjlrqv +rxw ri d wrwdo ri yh,/ dqg fruuhvsrqg wr
dssur{lpdwho| 87( ri wkh qdwlrqdo glvwulexwlrq pdunhw15<
X1V1 gdwd zdv jdwkhuhg iurp wzr vrxufhv= wkh IHUF +Ihghudo Hqhuj| Uhj0
xodwru| Frpplvvlrq, Irup Qr1 4 gdwdedvh dqg ydulrxv hglwlrqv ri wkh Sodwwv
Gluhfwru| ri Hohfwulf Srzhu Surgxfhuv dqg Glvwulexwruv163 Wkh frvw dqg vdohv
gdwd iru Eud}loldq frpsdqlhv lv edvhg rq dqqxdo uhsruwv/ dqg prvw ri wkh uh0
txluhg whfkqlfdo gdwd zdv froohfwhg gxulqj hogzrun1 Iru vrph ri wkh Eud}loldq
frpsdqlhv wkdw zhqw wkurxjk h{whqvlyh uhvwuxfwxulqj ehiruh sulydwlvdwlrq/ pruh
ghwdlohg lqirupdwlrq rq dvvhwv euhdn0xs zdv uhtxluhg1 Wklv zdv surylghg e| d
qxpehu ri srolf| grfxphqwv rq vwdwh0ohyho hohfwulflw| uhirupv dqg zhuh vxssoh0
phqwhg e| hogzrun1 Lq rughu wr kduprqlvh wkh prqhwdu| ydoxhv ryhu wlph dqg
frxqwu|/ wkhvh zhuh frqyhuwhg lqwr 4<<8 sulfhv dqg wkhq wkh ydoxhv lq Eud}loldq
fxuuhqf| +Uhdo, zhuh frqyhuwhg lqwr X1V1 grooduv xvlqj wkh sxufkdvlqj srzhu
sdulw| +SSS, idfwru iru 4<<81
Wdeoh 8 suhvhqwv wkh ghvfulswlyh vwdwlvwlfv ri wkh X1V1 dqg Eud}loldq frpsd0
qlhv iru 53331 Zh fdq revhuyh vrph fohdu glhuhqfhv ehwzhhq wkh wzr vdpsohv1
Wkh X1V1 frpsdqlhv duh rq dyhudjh eljjhu wkdq wkhlu Eud}loldq frxqwhusduwv lq
whupv ri xqlwv gholyhuhg dqg shdn ghpdqg/ exw wkh Eud}loldq glvwulexwlrq frp0
sdqlhv kdyh wr phhw wkh ghpdqg ri odujhu qxpehuv ri fxvwrphuv1 Wklv lv gxh
wr d pxfk kljkhu frqvxpswlrq shu fxvwrphu lq wkh X1V1 pdunhw  wkh PZk
frqvxpswlrq shu fxvwrphu lv derxw yh wlphv odujhu lq wkh X1V1 vdpsoh wkdq
lq wkh Eud}loldq vdpsoh1 Lq rughu wr vxsso| rq dyhudjh d odujhu qxpehu ri
fxvwrphuv/ Eud}loldq frpsdqlhv kdyh wr hvwdeolvk d odujhu glvwulexwlrq qhwzrun1
Wkhvh idfwv duh uh hfwhg rq wkh h{shqglwxuh shu PZk/ zklfk lv odujhu iru wkh
Eud}loldq vdpsoh/ dqg rq wkh h{shqglwxuh shu fxvwrphu dqg shu np ri qhwzrun/
lqwr w|shv ri fxvwrphuv +h1j1 uhvlghqwldo/ frpphufldo/ lqgxvwuldo/ uhvdoh dqg rwkhu,/ exw lw zdv
qrw vljqlfdqw1
5<Wkh pdunhw vkduhv zhuh frpsxwhg iru 53331 Vrxufhv= DQHHO +5334, dqg HLD +5334,1
63Wkh IHUF gdwd fdq eh grzqordghg iurp wkh IHUF zhevlwh
+kwws=22ulpvzhe51ihuf1ihg1xv2irup4ylhzhu2,1
59zklfk duh/ dv h{shfwhg/ odujhu iru wkh X1V1 vdpsoh1
 U.S.A.  BRAZIL 
  total  mean coefficient 
of 
variation 
total  mean   coefficient 
of 
variation 
Number  of  companies  72   14   
OPEX (mi US$ PPP 1995)  6,814.95  94.65  90.3 %   2,590.41  185.03  83.5 % 
TOTEX (mi US$ PPP 1995)  15,338.65  213.04  93.8 %  4,646.51  331.89  87.4 % 
Units delivered (GWh)  1,338,998  18,597  79.6 %  170,345  12,167  86.0 % 
             residential  325,171  4,516  83.2 %  46,182  3,299  99.8 % 
             non-resid.  1,013,827  14,081  82.4 %  124,164  8,869  85.4 % 
Number of customers  35,902,262  498,643  82.9 %  25,089,484  1,792,106  68.8 % 
Number resid. customers   31,438,684  436,648  84.6 %  21,939,461  1,567,104  71.6 % 
Number non-resid. 
customers 
4,463,578 61,994 76.4  % 3,150,023  225,002 55.5  % 
residential ratio (number 
resid. customers/ total 
number customers) 
-  0.87 3.6  %  -  0.86 5.7  % 
Network length (km)  1,757,399  24,408  78.9 %  816,875  58,348  56.8 % 
Peak demand (MW)  213,707  2,968  83.2 %  29,733  2,124  84.2 % 
customer density (customer/ 
km of network) 
-  24  74.0 %  -  32  43.1 % 
OPEX/ MWh (US$/MWh)  -  6  58.68 %  -  16  29.19% 
OPEX/ customer (US$/ 
customer) 
-  198 27.79  %  -  98 20.23  % 
OPEX/ km (US$/ km)  -  4,839  84.19 %  -  3,185  55.55% 
TOTEX/ MWh (US$/ MWh)  -  13  51.76 %  -  29  37.40 % 
TOTEX/ customer (US$/ 
customer) 
-  426 30.52  %  -  174 27.96  % 
TOTEX/ km (US$/ km)  -  10,569  81.05 %  -  5,751  59.80 % 
 
Wdeoh 8= Vxppdu| Vwdwlvwlfv ri X1V1D1 dqg Eud}lo Hohfwulflw| Glvwulexwlrq +5333,
81514 Frvw Gdwd
Ehfdxvh wkh rqo| lqsxw yduldeohv zh xvh duh RSH[ dqg WRWH[ / lw lv lpsru0
wdqw wr hqvxuh wkdw wkh| uhsuhvhqw wkh frvwv ri wkh vdph dfwlylwlhv lq wkh wzr
vdpsohv dqg wkdw wkh| h{foxgh wkh frvwv ri doo rwkhu qrq0glvwulexwlrq2 vxsso|
uhodwhg exvlqhvvhv1 Rxu RSH[ vkrxog uh hfw rqo| wkh rshudwlqj frvwv ri wkh
glvwulexwlrq dqg vxsso| exvlqhvvhv dqg wkhuhiruh vkrxog h{foxgh ghsuhfldwlrq/
wudqvplvvlrq fkdujhv/ sxufkdvhv ri hohfwulflw| dqg wd{hv1 Iru wkh X1V1 gdwdvhw/
RSH[ frqvlvwv ri wrwdo rshudwlrq dqg pdlqwhqdqfh +R)P, glvwulexwlrq frvwv/
fxvwrphu vhuylfh dqg lqirupdwlrqdo h{shqvhv/ fxvwrphu dffrxqwv h{shqvhv/ vdohv
h{shqvhv/ dqg dgmxvwhg dgplqlvwudwlyh dqg jhqhudo h{shqvhv1 Wkh dgplqlvwud0
5:wlyh dqg jhqhudo h{shqvhv zhuh dgmxvwhg wr uh hfw rqo| wkh glvwulexwlrq dqg
vxsso| exvlqhvvhv1 Wklv zdv grqh e| dsso|lqj d fruuhfwlrq idfwru wr wkh wrwdo
R)P dgplqlvwudwlyh h{shqvhv1 Wklv fruuhfwlrq idfwru zdv jlyhq e| wkh udwlr ri
zdjhv dqg vdodulhv sdlg lq wkh glvwulexwlrq dqg vxsso| uhodwhg dfwlylwlhv wr wrwdo
zdjhv dqg vdodulhv1 Hdfk dffrxqw zdv gluhfwo| wdnhq iurp wkh IHUF Irup Qr1
4 ohv dqg lqfoxghv wkh frvw ri oderxu/ pdwhuldov xvhg dqg h{shqvhv lqfxuuhg
rq hdfk vshflf dfwlylw|1 Iru wkh Eud}loldq gdwdvhw/ RSH[ frqvlvwv ri oderxu/
pdwhuldo dqg wklug sduw| vhuylfh frqwudfwv h{shqvhv/ dv uhsruwhg lq wkh lqfrph
vwdwhphqw1 Iru wkh qdqfldo |hdu 4<<7 Eud}loldq frpsdqlhv zhuh qrw uhtxluhg wr
uhsruw wkhlu dffrxqwv glvfulplqdwhg e| exvlqhvv/ dqg zh kdg wr dgmxvw wkhlu lq0
frph vwdwhphqwv wr h{foxgh frvwv uhodwlyh wr jhqhudwlrq/ wudqvplvvlrq dqg rwkhu
exvlqhvvhv1 Wklv zdv grqh dw wkh ohyho ri hdfk lqglylgxdo dffrxqw rq wkh lqfrph
vwdwhphqw1
Wrwdo h{shqglwxuh frqvlvwv ri RSH[ dqg fdslwdo h{shqglwxuh +FDSH[,1 Lq
frqwudvw wr RSH[/ qglqj dq dssursuldwh phdvxuh iru FDSH[ lv qrw vr vwudljkw0
iruzdug/ hvshfldoo| iru furvv0frxqwu| frpsdulvrqv1 Wkh FDSH[ phdvxuh xvhg
lq wklv vwxg| lv wkh glvwulexwlrq2 vxsso| vkduh ri wrwdo uhyhqxhv/ qhw ri wrwdo
RSH[=64
.f_￿r| ' r_￿r|￿  E-ee?e  .f|J|@,c EH
zkhuh .f_￿r| lv wkh fdslwdo h{shqglwxuh doorfdwhg iru wkh glvwulexwlrq
exvlqhvv/ r_￿r| lv wkh glvwulexwlrq vkduh ri wrwdo fdslwdo h{shqglwxuh/ -ee?e
lv wkh wrwdo vdohv uhyhqxh +lqfoxglqj vdohv iru uhvdoh, dqg .f|J|@, lv wkh wr0
wdo rshudwlqj h{shqglwxuh ri wkh frpsdq| +lqfoxglqj sxufkdvh srzhu frvwv dqg
wudqvplvvlrq fkdujhv sd|phqwv,1 r_￿r| lv jlyhq e| wkh vkduh ri glvwulexwlrq dv0
vhwv ryhu wrwdo dvvhwv/ zkhuh glvwulexwlrq dvvhwv lqfoxgh dgmxvwhg dgplqlvwudwlyh
dvvhwv +dgmxvwhg dv ehiruh,1
Wklv phdvxuh kdv dq reylrxv gudzedfn  wkh frpsdulvrq zloo eh vsxulrxv li
wkh udwhv ri uhwxuq rq fdslwdo duh vljqlfdqwo| glhuhqw1 Krzhyhu/ wkh ihdvleoh
dowhuqdwlyhv wr rxu phdvxuh duh qrw zlwkrxw sureohpv1 Iru lqvwdqfh/ qhz dqqxdo
lqyhvwphqwv/ dv xvhg lq Mdpdve dqg Sroolww +5334e,/ duh vxemhfw wr f|folfdo
 xfwxdwlrqv dqg iru wklv uhdvrq pljkw qrw uh hfw wkh ydoxh ri fdslwdo vwrfnv1
Sk|vlfdo phdvxuhv ri wkh fdslwdo vwrfn duh wkh prvw zlgho| xvhg dowhuqdwlyhv +Vhh
Vhfwlrq 6,1 Dv revhuyhg hovhzkhuh +Vhh Qrwh 59,/ wkh xvh ri prqhwdu| phdvxuhv
doorzv pruh  h{lelolw| lq whupv ri lqsxw frqjxudwlrq dqg fdslwdo0oderxu pl{1
Dq lqwhuhvwlqj dowhuqdwlyh/ vxjjhvwhg e| Mdpdve dqg Sroolww +5334e,/ lv wr xvh
wkh ydoxh ri fdslwdo vwrfnv dqg wr zrun rxw wkh uhqwdo frvw ri wkh fdslwdo1 Wklv/
krzhyhu/ uhtxluhv frpsdwleoh dqg dffxudwh phdvxuhv ri fdslwdo ydoxh wkdw pd|
64Wklv phdvxuh uhodwhv wr wkh frqfhsw ri uhyhqxh h!flhqf|1 D uhyhqxh lqgluhfw phdvxuh ri
whfkqlfdo h!flhqf| surylghv d phdvxuh ri h!flhqf| ri lqsxw xvdjh lq wkh jhqhudwlrq ri dw ohdvw
d fhuwdlq uhyhqxh ohyho dw jlyhq rxwsxw sulfhv1 Vhh irupdo ghqlwlrqv dw Içuh hw do1 +4<<7,/
ss1 45;04851
5;eh gl!fxow wr rewdlq iru furvv0frxqwu| dqdo|vhv1 Uhjxodwruv kdyh dwwhpswhg wr
ghvljq vwdqgdug phdvxuhv wkdw duh d ehwwhu dssur{lpdwlrq wr fdslwdo frvwv  wkh
Fklohdq uhjxodwru zlwk lwv Qhz Uhsodfhphqw Ydoxh ri lqvwdoodwlrqv/ wkh Gxwfk
uhjxodwru zlwk lwv vwdqgduglvhg fdslwdo frvwv/ dqg wkh XN uhjxodwru zlwk lwv
vwdqgdug h!flhqw lqyhvwphqw frvwv1 Xqiruwxqdwho|/ hyhq zkhq wklv lqirupdwlrq
lv sxeolvkhg/ wkhuh lv wkh lvvxh ri lqwhuqdwlrqdo gdwd frpsdwlelolw|1
Iru erwk X1V1 dqg Eud}loldq gdwdvhwv fdslwdo h{shqglwxuh zdv fdofxodwhg dv
lq +4;,/ zlwk rqo| rqh glhuhqfh  vlqfh 4<<7 dvvhwv duh qrw glvfulplqdwhg e|
exvlqhvv iru Eud}loldq frpsdqlhv/ zh xvhg wkh r_￿r| fdofxodwhg iru 53331 Krz0
hyhu/ iru wkh Eud}loldq frpsdqlhv wkdw zhqw wkurxjk h{whqvlyh uhvwuxfwxulqj
wklv surfhgxuh zrxog qrw eh uhdvrqdeoh dqg zh uhvruwhg wr lqglylgxdo frpsdq|
dgmxvwphqwv1
81515 Whfkqlfdo Gdwd
Lq frqwudvw wr dffrxqwlqj gdwd/ zklfk kdv wr eh sxeolvkhg lq d vwdqgdug irupdw
dqg lv h{suhvvhg lq prqhwdu| ydoxhv/ whfkqlfdo gdwd lv ohvv xqlirup dqg glhuhqw
yduldeohv duh xvxdoo| h{suhvvhg lq glhuhqw xqlwv1 Lqwhuqdwlrqdo ehqfkpdunlqj
frpsolfdwhv pdwwhuv hyhq pruh dv ghqlwlrqv pd| ydu| dqg glvwulexwlrq v|vwhpv
duh glhuhqw1 Frqvlghulqj rxu fkrlfh ri yduldeohv/ wzr whfkqlfdo yduldeohv kdg
wr eh vwxglhg fduhixoo|= glvwulexwlrq qhwzrun ohqjwk dqg shdn ghpdqg1 Xqiru0
wxqdwho| qhwzrun ohqjwk lv qrw uhsruwhg e| yrowdjh dqg zh kdg wr uhvruw wr wkh
zd| frpsdqlhv ghqh wkhlu glvwulexwlrq qhwzrun/ jlyhq wkh olplwv hvwdeolvkhg
e| wkh uhjxodwru1 Lq Eud}lo qhwzrun ri yrowdjh ohvv wkdq 563 nY zdv doorzhg wr
uhpdlq lq wkh glvwulexwlrq xwlolwlhv/ zklfk wkhq fodvvlhg wkhlu qhwzrun lq wzr
fdwhjrulhv= vxewudqvplvvlrq dqg glvwulexwlrq qhwzrun1 Lq wklv vwxg| zh rqo|
lqfoxgh wkh qhwzrun fodvvlhg dv glvwulexwlrq qhwzrun1 D sureohp zh irxqg lv
wkdw wkh fxw0r yrowdjh ohyho ehwzhhq wkhvh wzr fdwhjrulhv ydulhv dfurvv frpsd0
qlhv uh hfwlqj glhuhqw v|vwhp frqjxudwlrqv1 Krzhyhu/ zh hvwdeolvkhg gxulqj
rxu hogzrun wkdw lq Eud}lo glvwulexwlrq qhwzrun udqjhv iurp 5532 45: Y ru
6;32553 Y wr 461;/ 5614 ru 6718 nY1 Iru wkh X1V1 gdwdvhw/ dowkrxjk zh rqo|
kdyh wkh wrwdov/ wkh prvw frpprq glvwulexwlrq yrowdjhv duh 8/ 48/ 58 dqg 68
nY1 Wkhuhiruh/ dowkrxjk wkh fruuhvsrqghqfh lv qrw shuihfw/ zh eholhyh wkdw wkh
ydoxhv iru wkh wzr gdwdvhwv uhsuhvhqw d vlplodu udqjh ri qhwzrun yrowdjhv1
Zlwk uhvshfw wr shdn ghpdqg/ wzr voljkwo| glhuhqw ghqlwlrqv duh xvhg1
Eud}loldq glvwulexwlrq xwlolwlhv xvxdoo| uhsruw shdn ordg ghpdqg/ zkloh X1V1 xwlol0
wlhv uhsruw pd{lpxp vlpxowdqhrxv ghpdqg1 Shdn ordg ghpdqg lv wkh pd{lpxp
ordg gxulqj d vshflhg shulrg ri wlph/ dqg pd{lpxp vlpxowdqhrxv ghpdqg lv
wkh v|vwhp*v pd{lpxp ordg iru dq lqwhjudwhg shulrg ri wlph +xvxdoo| 930plqxwh
lqwhjudwlrq,1 Wkh ydoxhv surgxfhg fdq eh glhuhqw/ exw dv wkh glhuhqfh lv qrw
vljqlfdqw zh xvh wkh ydoxhv dv uhsruwhg e| wkh frpsdqlhv wr uhsuhvhqw wkh vdph
yduldeoh/ zklfk zh ghqrplqdwh dv cshdn ghpdqg*1
5<9 Uhvxowv dqg Dqdo|vlv
Wklv vhfwlrq suhvhqwv wkh qglqjv ri rxu h!flhqf| dqdo|vlv iru wkh prghov rxw0
olqhg lq Wdeoh 71
914 Gdwd Hqyhorsphqw Dqdo|vlv Prghov
Zh uvw suhvhqw wkh whfkqlfdo h!flhqf| vfruhv xvlqj GHD dqg odwhu lqwurgxfh
wkh uhvxowv ri d surgxfwlylw| dqdo|vlv xvlqj Pdoptxlvw lqglfhv1 Wdeoh 9 vkrzv
wkh dyhudjh h!flhqf| vfruhv dqg wkh uhvshfwlyh frh!flhqwv ri yduldwlrq iru hdfk
frxqwu| iru wzr |hduv/ 4<<7 dqg 53331 Wkh uvw |hdu vkrxog uh hfw wkh vfhqdulr
ri wkh Eud}loldq glvwulexwlrq vhfwru mxvw ehiruh sulydwlvdwlrq dqg wkh odvw |hdu
vkrxog fdswxuh srvw0sulydwlvdwlrq shuirupdqfh1
Vwxg|lqj uvw h!flhqf| ryhu wlph/ zh qg wkdw iru doo prghov wkdw xvh RSH[
dv lqsxw +prghov 4 wr 7, wkhuh lv dq lqfuhdvh lq whfkqlfdo h!flhqf| vfruhv iurp
4<<7 wr 5333/ iru erwk wkh X1V1 dqg Eud}lo1 Iru wkh vdph prghov zh dovr ghwhfw
wkdw wkh frh!flhqw ri yduldwlrq iru wkh Eud}loldq vdpsoh lv vxevwdqwldoo| uhgxfhg
iurp 4<<7 wr 53331 Wklv phdqv wkdw wkh h!flhqf| jds dprqj Eud}loldq frpsd0
qlhv kdv ehhq forvlqj0lq vlqfh sulydwlvdwlrq1 Wkh vdph lv qrw dozd|v wuxh iru wkh
X1V1 vdpsoh1 Iru wkh prghov wkdw xvh WRWH[ dv lqsxw +prghov 8 dqg 9, wkh
slfwxuh lv glhuhqw/ zlwk d ghfuhdvh lq dyhudjh vfruhv lq wkh shulrg iru prgho 81
Iru prgho 9 wkhuh lv d vpdoo lqfuhdvh lq wkh vfruhv iurp 4<<7 wr 53331 Wkhvh
uhvxowv lqglfdwh wkdw wkhuh kdv ehhq d frqvlvwhqw lpsuryhphqw lq rshudwlqj shu0
irupdqfh ryhu wlph lq erwk X1V1 dqg Eud}lo glvwulexwlrq vhfwruv/ exw wkh slfwxuh
lv pruh dpeljxrxv zkhq zh lqfoxgh fdslwdo h{shqglwxuh lq wkh lqsxw phdvxuh
dqg h{dplqh ryhudoo shuirupdqfh1 Wklv pljkw vxjjhvw vrph vxevwlwxwlrq ri fds0
lwdo iru oderxu lq wkh shulrg/ zklfk ghpdqgv vxevwdqwldo xsiurqw lqyhvwphqw1
Ehvlghv/ iurp rxu gdwd dqdo|vlv zh revhuyhg wkdw lq 4<<7 fdslwdo h{shqglwxuhv
+dv h{suhvvhg lq htxdwlrq +4;,, zhuh yhu| vpdoo lq Eud}lo +hyhq qhjdwlyh iru vrph
frpsdqlhv,/ vxjjhvwlqj wkdw wkh ohyho ri lqyhvwphqw zdv h{wuhpho| orz mxvw eh0
iruh sulydwlvdwlrq1 Zlwk sulydwlvdwlrq wkh qdqfldo frqvwudlqw lv uhgxfhg dqg
fdslwdo h{shqglwxuhv duh dw d pxfk kljkhu ohyho lq 53331
63Model  Model 1  Model 2  Model 3 
Technology  CRS VRS CRS VRS CRS VRS 
Country  BR US BR US BR US BR US BR US BR US 
1994 0.544 0.412 0.710 0.531 0.576 0.443 0.722 0.567 0.691 0.616 0.796 0.701  Mean 
2000 0.763 0.545 0.822 0.622 0.797 0.606 0.848 0.665 0.794 0.708 0.899 0.790 
1994 38.78 30.05 32.32 35.99 37.08 32.68 28.22 36.44 25.21 32.62 20.90 30.27  Coefficient 
variation  2000 20.32 32.35 17.58 32.06 19.05 32.96 15.59 31.14 18.48 29.40 14.44 26.35 
1994  0.002 0.003 0.008 0.018 0.261 0.177  P-value 
2000  0.000 0.001 0.002 0.004 0.214 0.112 
 
Model  Model  4 Model  5 Model  6 
Technology  CRS VRS CRS VRS CRS VRS 
Country  BR US BR US BR US BR US BR US BR US 
1994  0.693 0.616 0.796 0.701 0.711 0.410 0.857 0.508 0.773 0.596 0.895 0.692  Mean 
2000  0.807 0.714 0.907 0.794 0.362 0.304 0.702 0.467 0.882 0.616 0.954 0.718 
1994  25.11 32.63 20.90 30.23 28.00 34.94 17.34 40.40 24.15 37.73 17.30 32.09  Coefficient 
variation  2000  19.11 29.13 13.68 26.04 52.75 47.80 41.26 52.13 16.08 38.37 10.95 31.91 
1994  0.255 0.179 0.000 0.000 0.020 0.006  P-value 
2000  0.175 0.098 0.202 0.002 0.001 0.002 
 
Note:  for model 1 the whole sample was used (86 companies); for model 2 CERJ and Light were excluded from the sample (84 companies);  
          for models 3 and 4 CERJ, Light, AES Sul and RGE were excluded from the sample (82 companies); for model 5 Tampa was excluded  
          from the sample (85 companies); for model 6 Tampa, CERJ, Light, AES Sul and RGE were excluded from the sample (81 companies).
Wdeoh 9= GHD Uhvxowv
Frpsdulqj Eud}loldq dqg X1V1 dyhudjh h!flhqf| vfruhv/ zh revhuyh wkdw
iru doo prghov dqg iru doo |hduv Eud}lo shuirupv ehwwhu1 Lq rughu wr whvw krz
vljqlfdqw lv wklv glhuhqfh/ zh shuirup d k|srwkhvlv whvw ri wkh glhuhqfh lq
wkh vdpsoh phdqv1 Wdeoh 9 vkrzv wkh wzr0wdlohg s0ydoxhv ri wkh whvw1 Wkh qxoo
k|srwkhvlv vwdwhv wkdw wkhuh lv qr glhuhqfh lq phdqv/ dqg li wkh s0ydoxh lv odujhu
wkdq wkh vljqlfdqfh ohyho zh fdqqrw uhmhfw lw1 Lq wkuhh ri wkh vl{ prghov +prghov
4/ 5 dqg 9, wkh whvw uhmhfwv wkh qxoo dw d 8( vljqlfdqfh ohyho/ zklfk phdqv wkdw
Eud}loldq frpsdqlhv duh vljqlfdqwo| pruh h!flhqw wkdq X1V1 lqyhvwru0rzqhg
xwlolwlhv1 Lq prgho 8 wkh hylghqfh lv dpeljxrxv/ zkloh iru prghov 6 dqg 7 zh
fdqqrw uhmhfw wkh qxoo1 Wkhuhiruh/ zh fdqqrw frqfoxgh wkdw wkh Eud}loldq vdpsoh
vwdwlvwlfdoo| vljqlfdqwo| rxwshuirupv lwv X1V1 frxqwhusduw luuhvshfwlyh ri prgho1
Lq rughu wr kdyh d ehwwhu judvs ri wkhvh uhvxowv/ zh ixuwkhu vwxg| wkh uhod0
wlrqvkls ehwzhhq prgho vshflfdwlrq dqg h!flhqf| vfruhv1 Iluvw/ frqfhqwudwlqj
rq wkh RSH[ prghov/ zh revhuyh wkdw lq wkh prghov zkhuh wkhuh duh qr hq0
ylurqphqwdo yduldeohv +prghov 4 dqg 5, Eud}loldq frpsdqlhv duh vljqlfdqwo|
pruh h!flhqw wkdq X1V1 xwlolwlhv1 Wklv lv gxh wr wkh idfw wkdw zkloh Eud}loldq
64frpsdqlhv duh ohvv h!flhqw wkdq X1V1 frpsdqlhv lq whupv ri RSH[ shu PZk
glvwulexwhg/ wkh| duh pxfk pruh h!flhqw lq whupv ri RSH[ shu qxpehu ri fxv0
wrphuv dqg RSH[ shu np ri qhwzrun1 Krzhyhu/ li zh lqfoxgh hqylurqphqwdo
yduldeohv lq wkh prghov +prghov 6 dqg 7, wkh glhuhqfh lq vfruhv/ dowkrxjk vwloo
idyrxudeoh iru Eud}loldq frpsdqlhv/ lv qrw vwdwlvwlfdoo| vljqlfdqw1 Wklv vwhpv
iurp wkh idfw wkdw lq wkhvh prghov wkh glhuhqfh ehwzhhq wkh wzr v|vwhpv lv dw
ohdvw sduwldoo| lqfrusrudwhg1 Lq sduwlfxodu/ lq prghov 6 dqg 7 fxvwrphu ghqvlw|/
zklfk lv rq dyhudjh pxfk orzhu lq wkh X1V1 vdpsoh/ lv frqvlghuhg eh|rqg pdq0
djhphqw frqwuro1 Vhfrqg/ vwxg|lqj wkh uhvxowv ri wkh WRWH[ prghov/ Eud}loldq
frpsdqlhv duh vwdwlvwlfdoo| pruh h!flhqw rq dyhudjh wkdq wkhlu X1V1 frxqwhu0
sduwv iru doo vshflfdwlrqv/ zlwk wkh h{fhswlrq ri wkh prgho 8 FUV vshflfdwlrq
iru wkh |hdu 53331 Wkh pdlq gulyhu ri ehwwhu uhvxowv iru Eud}loldq frpsdqlhv lv
wkhlu vljqlfdqwo| orzhu WRWH[ shu fxvwrphu1
91414 Pdoptxlvw GHD Lqgh{ Uhvxowv
Khuh zh glvfxvv surgxfwlylw| fkdqjh ryhu wlph xvlqj d Pdoptxlvw lqgh{1 Dv
srlqwhg rxw lq Frhool hw do1 +4<<;/ s1 557,/ d Pdoptxlvw lqgh{ pd| qrw fruuhfwo|
phdvxuh surgxfwlylw| fkdqjh li YUV lv dvvxphg1 Wkhuhiruh/ zh zloo lpsrvh FUV
whfkqrorj| iru wkh frpsxwdwlrq ri Pdoptxlvw lqglfhv1 Wdeoh : suhvhqwv wkh pdlq
uhvxowv1
1994-2000  Model  1 Model  2 Model  3 Model  4 Model  5 Model  6 
  BR US BR US BR US BR US BR US BR US 
Mean  1.435 1.386 1.416 1.381 1.412 1.319 1.406 1.318 0.697 1.327 0.798 1.238 
Coeff. 
variation 
22.16% 23.35% 23.29% 24.47% 19.07% 24.74% 20.07% 24.66% 36.45% 27.27% 22.73% 27.24% 
Productivity 
change  





5.29% 4.77% 5.10% 4.72% 5.06% 4.03% 4.98% 4.02% -5.03%  4.12% -3.17%  3.10% 
P-value    0.609 0.738 0.388 0.419 0.000 0.003 
 
Wdeoh := Pdoptxlvw GHD Lqgh{ Uhvxowv  FUV Whfkqrorj|
Zh vwduw e| h{dplqlqj wkh phdq ydoxhv ri wkh Pdoptxlvw lqgh{ iru Eud}loldq
dqg X1V1 frpsdqlhv1 Qxpehuv juhdwhu wkdq rqh lqglfdwh surgxfwlylw| jurzwk1
Irfxvlqj uvw rq wkh RSH[ prghov/ zh revhuyh wkdw wkh frpsxwhg lqglfhv
vkrz d vxevwdqwldo surgxfwlylw| jurzwk iurp 4<<7 wr 53331 Dyhudjh surgxfwly0
lw| fkdqjhv udqjh iurp 641:;( wr 76178(/ zklfk wudqvodwhg lqwr dqqxdo dyhudjhv
lv 7( dqg 816(/ uhvshfwlyho|1 Wkhuh duh hvshfldoo| odujh ydoxhv iru lqglylgxdo
surgxfwlylw| jurzwk udwhv/ zlwk frpsdqlhv uhdfklqj dv kljk dv d 5391:( sur0
gxfwlylw| lpsuryhphqw  krzhyhu/ wkhuh duh dovr frpsdqlhv wkdw h{shulhqfh
65surgxfwlylw| uhjuhvv1 Frpsdulqj Eud}loldq dqg X1V1 shuirupdqfh/ wkh gluhf0
wlrq ri fkdqjhv lq Pdoptxlvw lqglfhv lv wkh vdph iru erwk vdpsohv/ exw wkh
pdjqlwxgh ri surgxfwlylw| jurzwk lv rq dyhudjh kljkhu iru Eud}loldq frpsdqlhv1
Qhyhuwkhohvv/ wkh glhuhqfh lq surgxfwlylw| jurzwk ehwzhhq Eud}loldq dqg X1V1
frpsdqlhv ryhu wkh zkroh shulrg lv qrw vwdwlvwlfdoo| vljqlfdqw/ dv lqglfdwhg e|
wkh frpsxwhg s0ydoxhv1 Wklv uhvxow lqglfdwhv wkdw wkh lpsdfw ri sulydwlvdwlrq
rq rshudwlqj shuirupdqfh uhodwlyh wr wkh X1V1 ehqfkpdun lv srvlwlyh/ exw qrw
vwdwlvwlfdoo| vljqlfdqw1
H{dplqlqj wkh uhvxowv ri wkh WRWH[ prghov/ zh ghwhfw d glhuhqfh lq wkh
gluhfwlrq ri fkdqjh lq Pdoptxlvw lqglfhv ehwzhhq Eud}loldq dqg X1V1 frpsd0
qlhv1 X1V1 frpsdqlhv h{shulhqfh surgxfwlylw| jurzwk/ zkhuhdv Eud}loldq frp0
sdqlhv vxhu/ rq dyhudjh/ surgxfwlylw| uhjuhvv1 Wklv glhuhqfh lq shuirupdqfh
lv uh hfwhg lq wkh frpsxwhg s0ydoxhv/ dqg zh qrz uhmhfw wkh qxoo k|srwkhvlv ri
qr glhuhqfh lq vdpsoh phdqv1 Wklv/ wdnhq wrjhwkhu zlwk rxu suhylrxv dqdo|vlv
ri GHD uhvxowv/ vxjjhvwv wkdw dowkrxjk Eud}loldq frpsdqlhv vwduw dw d kljkhu
h!flhqf| ohyho/ wkh glhuhqfh lq shuirupdqfh lv uhgxfhg ryhu wlph1 Wklv uhvxow
vkrxog eh frqvlghuhg zlwk fdxwlrq1 Iluvw/ wkh lqfuhdvh lq lqyhvwphqw zkhq qrw
dffrpsdqlhg e| d sursruwlrqdo lqfuhdvh lq rxwsxwv uhgxfhv wkh lqgh{1 Krzhyhu/
dv zh revhuyhg ehiruh/ wkh ohyho ri lqyhvwphqw lq Eud}loldq glvwulexwlrq xwlolwlhv
zdv h{wuhpho| orz ehiruh sulydwlvdwlrq1 Lqyhvwphqw ohyhov ehiruh sulydwlvdwlrq
zhuh frqvlghuhg lqvx!flhqw wr hqvxuh wkh h{sdqvlrq ri uxudo hohfwulfdwlrq dqg
wkh frqwlqxrxv lpsuryhphqw lq txdolw|1 Wkhuhiruh/ wkh lqyhvwphqw uhfryhu| di0
whu sulydwlvdwlrq/ dowkrxjk qhjdwlyho| uh hfwhg rq Pdoptxlvw GHD lqglfhv/ lv d
srvlwlyh lpsdfw ri sulydwlvdwlrq1 Ryhu wlph zh h{shfw wkdw wkh lpsdfw ri wklv
lqyhvwphqw vxujh rq h!flhqf| zloo eh dw ohdvw sduwldoo| uh hfwhg lq wkh lqglfhv1
Vhfrqg/ vljqlfdqw uhgxqgdqf| surjudpphv wkdw wrrn sodfh diwhu sulydwlvdwlrq
lqglfdwh wkdw Eud}loldq frpsdqlhv h{shulhqfhg d kljkhu udwh ri vxevwlwxwlrq ri
fdslwdo iru oderxu lq wkh shulrg1 Jlyhq wkh lpsruwdqfh ri vxqn fdslwdo frvwv lq
wkh HVL dqg ri uhgxqgdqf| surjudpphv frvwv/ erwk zklfk lpphgldwho| lq dwh
fxuuhqw h{shqglwxuhv/ zh dovr h{shfw wkh h!flhqf| hhfwv ri wklv surfhvv wr eh0
frph ylvleoh ryhu wlph1 Ilqdoo|/ gxh wr wkh odfn ri vxlwdeoh gdwd rxu dqdo|vlv
grhv qrw lqfrusrudwh txdolw| ri vhuylfh1 Dv d frqvhtxhqfh/ wkh lpsuryhphqwv lq
txdolw| irvwhuhg e| lqyhvwphqw duh qrw lqfoxghg/ zkdw suredeo| xqghuhvwlpdwhv
wkh ehqhwv ri sulydwlvdwlrq1
915 Vwrfkdvwlf Iurqwlhu Dqdo|vlv Prghov
Zh suhvhqw dqg glvfxvv uhvxowv iurp wzr vhwv ri prghov= wkh rqhv wkdw xvh rqo|
furvv0vhfwlrq gdwd/ dqg wkh rqhv wkdw xvh sdqho gdwd1
6691514 Furvv0Vhfwlrq Prghov
Lq rughu wr nhhs frpsdudelolw| ehwzhhq rxu furvv0vhfwlrq VID prghov dqg wkh
GHD prghov/ zh xvh wkh vdph vshflfdwlrq ri lqsxw/ rxwsxw dqg hqylurqphqwdo
yduldeohv/ exw qrz zlwklq wkh lqsxw glvwdqfh ixqfwlrq iudphzrun ghvfulehg lq
Vxevhfwlrq 7151 Wkhuhiruh/ zh hvwlpdwh rxu vl{ prghov xvlqj erwk orjolqhdu
+OO, dqg wudqvorj +WO, vshflfdwlrqv/ iru erwk 4<<7 dqg 53331 Wkh pd{lpxp
olnholkrrg hvwlpdwhv duh suhvhqwhg lq Wdeohv ; dqg <1 Zh dovr lqfoxgh ruglqdu|
ohdvw vtxduhv +ROV, hvwlpdwhv lq rughu wr whvw iru wkh h{lvwhqfh ri whfkqlfdo
lqh!flhqf|165
Vwxg|lqj wkh frh!flhqw hvwlpdwhv dvvrfldwhg zlwk wkh rxwsxwv/ zh revhuyh
wkdw wkhuh lv d juhdw yduldwlrq lq vljqlfdqfh dfurvv prghov/ zlwk OO prghov
h{klelwlqj wkuhh q frh!flhqwv vljqlfdqw dw 8(1 Ehfdxvh wkh h{foxvlyh dqdo|vlv
ri w0udwlrv fdq eh ghfhswlyh/ zh xvh wkh Olnholkrrg Udwlr whvw wr ghflgh rq wkh
prvw dssursuldwh prgho vshflfdwlrq166 Wkh uhvxowv ri wkh Olnholkrrg Udwlr
whvwv iru prgho vshflfdwlrq duh uhsurgxfhg dw wkh erwwrp ri hdfk wdeoh1 Iru
5333 gdwd wkh WO vshflfdwlrq lv suhihuuhg/ exw iru 4<<7 gdwd wkhuh lv qr fohdu
suhihuuhqfh1
65Zh gr qrw uhsruw wkh uhvxowv uhmhfwhg e| wkh IURQWLHU surjudpph/ zklfk lv wkh vriwzduh
xvhg lq wkh hvwlpdwlrq1 IURQWLHU jhqhudwhv d zduqlqj zkhqhyhu wkh pd{lpxp olnholkrrg
ixqfwlrq ydoxh lv ohvv wkdq wkdw rewdlqhg xvlqj ROV1
66Wkh olnholkrrg udwlr lv ghqhg dv=
* @
a OU
a OX /z k h u ha O Udqg a OX duh wkh olnholkrrg ixqfwlrqv hydoxdwhg dw wkh frqvwudlqhg dqg
xqfrqwudlqhg pd{lpxp olnholkrrg hvwlpdwhv/ uhvshfwlyho|1 Wkh glvwulexwlrq ri   5 oq* lv
fkl0vtxduhg/ zlwk ghjuhhv ri iuhhgrp htxdo wr wkh qxpehu ri uhvwulfwlrqv lpsrvhg1 Dffruglqj
wr wkh Olnholkrrg Udwlr Whvw/ wkh qxoo k|srwkhvlv lv uhmhfwhg li wkh fdofxodwhg ydoxh h{fhhgv


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Wdeoh <= VID Prghov  5333 Furvv0vhfwlrq Gdwd
Rqfh wkh prgho vshflfdwlrq lv fkrvhq/ zh frqvlghu wkh txhvwlrq ri zkhwkhu
69wkhuh lv whfkqlfdo lqh!flhqf| lq wkh vdpsoh1 Zh uvw irfxv rq wkh hvwlpdwhg
ydoxhv ri / zklfk vkrz krz pxfk ri wkh wrwdo uhvlgxdo yduldwlrq lv gxh wr wkh
lqh!flhqf| hhfw1 Iru vhyhqwhhq rxw ri wzhqw| hvwlpdwlrqv  lv juhdwhu wkdq 318/
dqg iru irxuwhhq hvwlpdwlrqv lw lv vljqlfdqwo| juhdwhu wkdq 318167 Lq wkh prghov
lq zklfk hqylurqphqwdo yduldeohv duh lqfoxghg dv idfwruv lq xhqflqj whfkqlfdo
h!flhqf| +prghov 6/ 7 dqg 9,/ wkh hvwlpdwhg frh!flhqwv ri wkhvh yduldeohv +B,
duh riwhq forvh wr }hur dqg qrw vljqlfdqw1 Wklv/ wdnhq wrjhwkhu zlwk wkh uh0
vxowv rq / lpso| wkdw dowkrxjk wkh lqglylgxdo frh!flhqwv ri wkh hqylurqphqwdo
yduldeohv duh qrw sduwlfxoduo| vljqlfdqw/ wkhlu vljqlfdqfh dv d jurxs ri frh!0
flhqwv pljkw eh uhohydqw1 Krzhyhu/ zh fdqqrw eh fhuwdlq ri wkh h{lvwhqfh ri d
whfkqlfdo lqh!flhqf| hhfw ehiruh whvwlqj pd{lpxp olnholkrrg hvwlpdwhv djdlqvw
wkh fruuhvsrqglqj ROV hvwlpdwhv/ zklfk gr qrw lqfoxgh d whfkqlfdo lqh!flhqf|
huuru whup1 Wkhvh Olnholkrrg Udwlr whvwv duh uhsurgxfhg dw wkh erwwrp ri wkh
wdeohv/ mxvw ehorz wkh vshflfdwlrq whvwv1 Zlwk wzr h{fhswlrqv +prghov 5 dqg
7 iru 5333 gdwd,/ wkh whvwv idlo wr uhmhfw wkh uhvwulfwhg prgho1 Wkhuhiruh/ wkh
uhvxowv ri rxu furvv0vhfwlrq dqdo|vlv lpso| wkdw d prgho wkdw dffrxqwv iru whfk0
qlfdo lqh!flhqf| +dw ohdvw lq wkh zd| zh prghoohg whfkqlfdo lqh!flhqf| khuh,
lv qrw zduudqwhg dqg dq ROV vshflfdwlrq vkrxog eh suhihuuhg1 Xqiruwxqdwho|
wklv lqglfdwhv wkdw doo huuru fdq eh frqvlghuhg sxuh qrlvh/ suhyhqwlqj d pruh
phdqlqjixo ehqfkpdunlqj h{huflvh lq wklv frqwh{w1
Wdeoh 43 suhvhqwv d vxppdu| ri wkh whfkqlfdo h!flhqf| vfruhv ghulyhg iurp
VID1 Iru prvw prghov Eud}loldq frpsdqlhv shuirup voljkwo| ehwwhu wkdq wkh X1V1
frpsdqlhv +zlwk wkh h{fhswlrq ri prgho 9 iru 4<<7 gdwd,/ exw wkh s0ydoxhv vkrz
wkdw wkh glhuhqfhv duh qrw vwdwlvwlfdoo| vljqlfdqw +zlwk wkh h{fhswlrq ri prgho
8 iru 4<<7 gdwd,1
Model   Model 1  Model 2  Model 3  Model 4  Model 5  Model 6 
Country  BR US BR US BR US BR US  BR US BR US 
Mean    1994  0.848 0.840 0.820 0.818 0.855 0.838 0.835 0.803  0.864 0.827 0.840 0.859 
  2000  0.818 0.770 0.720 0.701 0.743 0.660 0.778 0.685  n.a.  n.a.  0.890 0.866 
Coefficient 1994  6.36 6.25 10.03  8.95 5.91 11.72  11.06  14.12  3.75 6.38 14.32  10.59 
variation  2000  10.23 15.89 26.78 25.18 16.19 25.64 18.13 25.34  n.a.  n.a.  13.03 14.14 
P-value  1994  0.603 0.932 0.597  0.393  0.013 0.572 
  2000  0.161 0.722 0.138  0.111  n.a.  0.551 
Note: All results for VRS specification. 
Wdeoh 43= VID Whfkqlfdo H!flhqf| Vfruhv  Furvv0vhfwlrq Gdwd
F r p s d u l q jw k hU h v x o w vr iw k hW z rP h w k r g r o r j l h v 1 Dv zh kdyh srlqwhg
rxw lq rxu glvfxvvlrq ri phwkrgv iru h!flhqf| phdvxuhphqw/ doo phwkrgv kdyh
zhdnqhvvhv dqg iru wklv uhdvrq h!flhqf| hvwlpdwhv vkrxog eh lqwhusuhwhg zlwk
fdxwlrq1 Wkhuhiruh vrph vhqvlwlylw| dqdo|vlv lv dgylvdeoh1 Wkh frpsdulvrq ri
h!flhqf| vfruhv jhqhudwhg e| glhuhqw phwkrgv fdq khos lghqwli|lqj zkdw gulyhv







6:wkh vdph vshflfdwlrq ri lqsxwv/ rxwsxwv dqg hqylurqphqwdo yduldeohv doorz iru
d frpsdulvrq ehwzhhq wkh shuirupdqfh ri wkh Eud}loldq dqg wkh X1V1 hohfwulflw|
glvwulexwlrq vhfwruv1 Lq Wdeoh 44 wkh phdq whfkqlfdo h!flhqf| vfruhv iru Eud}lo/
X1V1 dqg iru wkh zkroh vdpsoh duh suhvhqwhg1
   Brazil 
 
U.S.A. All  Sample  Significant 
Difference? 
  DEA 
 
SFA DEA  SFA  DEA  SFA  DEA  SFA 
1994  Model  1  0.710  0.848  0.531  0.840 0.560 0.841  Yes  No 
  Model  2  0.722  0.820  0.567  0.818 0.589 0.818  Yes  No 
  Model  3  0.796  0.855  0.701  0.838 0.712 0.840  No  No 
  Model  4  0.796  0.835  0.701  0.803 0.713 0.807  No  No 
  Model  5  0.857  0.864  0.508  0.827 0.566 0.833  Yes  Yes 
  Model  6  0.895  0.840  0.692  0.859 0.717 0.856  Yes  No 
2000  Model  1  0.822  0.818  0.622  0.770 0.655 0.778  Yes  No 
  Model  2  0.848  0.720  0.665  0.701 0.691 0.703  Yes  No   
  Model  3  0.899  0.743  0.790  0.660 0.804 0.670  No  No 
  Model  4  0.907  0.778  0.794  0.685 0.808 0.697  No  No 
 Model  5  0.702  n.a.  0.467  n.a.  0.506  n.a.  Yes  n.a. 
  Model  6  0.954  0.890  0.718  0.866 0.747 0.869  Yes  No 
Notes: All models use VRS technology; significance at 5%.  
Wdeoh 44= Phdq H!flhqf| Vfruhv= GHD { VID  Furvv0vhfwlrq Gdwd
Zh h{shfwhg wkh phdqv ri wkh VID hvwlpdwhg h!flhqf| vfruhv wr eh odujhu
wkdq wkh frpsxwhg GHD vfruhv/ dqg wkh rssrvlwh wr eh wuxh zlwk uhvshfw wr
wkh yduldqfh ri wkh h!flhqf| vfruhv168 Wkh hvwlpdwhg VID vfruhv duh odujhu +iru
wkh zkroh vdpsoh, wkdq GHD vfruhv iru prghov 4/ 5 dqg 8 dqg/ ehfdxvh wkh
yduldqfh +iru wkh zkroh vdpsoh, lv vpdoohu/ wkh glhuhqfh ehwzhhq Eud}loldq dqg
X1V1 vfruhv lv vwdwlvwlfdoo| vljqlfdqw iru GHD/ exw pd| qrw eh dozd|v vljqlfdqw
iru VID1 Wkdw lv/ iru erwk phwkrgv Eud}loldq frpsdqlhv rxwshuirup wkhlu X1V1
frxqwhusduwv lq prghov 4/ 5 dqg8e x ww k hg l  h u h q f hl qs h u i r u p d q f hr q o |
uhpdlqv vljqlfdqw lq VID iru prgho 8 +4<<7 gdwd,1
Zh vlqjohg rxw prghov 6/ 7 dqg 9 ehfdxvh wkh| lqfoxgh hqylurqphqwdo ydul0
deohv1 Wkh zd| hqylurqphqwdo yduldeohv duh prghoohg glhuv ehwzhhq phwk0
rgv dqg/ dv d frqvhtxhqfh/ wkh furvv0phwkrg frpsdulvrq lv qrw vr vwudljkw0
iruzdug1 Lq rxu GHD prghov wkh hqylurqphqwdo yduldeohv duh lqwurgxfhg dv
qrq0glvfuhwlrqdu| yduldeohv1 Wkhuhiruh wkh olqhdu surjudpph krogv wkhp {hg
zkloh vhhnv frqwudfwlrq lq wkh rwkhu yduldeohv1 Lq frqwudvw/ lq VID wkhvh ydul0
deohv duh prghoohg dv uhjuhvvruv ri wkh phdq ri wkh whfkqlfdo lqh!flhqf| hhfw
glvwulexwlrq1 Krzhyhu/ wkh uhvxowv ri wkh prghov wkdw lqfoxgh hqylurqphqwdo
yduldeohv vkrz vrph urexvwqhvv wr wkh phwkrg fkrvhq/ zlwk GHD dqg VID frq0
foxvlrqv iru prghov 6 dqg 7 lq djuhhphqw ryhu wkh vljqlfdqfh ri wkh glhuhqfh
ehwzhhq Eud}lo dqg X1V1 phdq h!flhqf| vfruhv1
68Wklv lv ehfdxvh GHD lqfoxghv wkh uhvlgxdov lq wkh h!flhqf| phdvxuh/ zkhq vrph ri wkhp
vkrxog kdyh ehhq dwwulexwhg wr phdvxuhphqw huuru ru vwdwlvwlfdo qrlvh1 Lq dgglwlrq/ VID pljkw
qrw dozd|v eh deoh wr vhsdudwh huuru iurp lqh!flhqf| hhfwv/ ohdglqj wr dq xszdug eldv lq wkh
vfruhv1 D pruh ghwdlohg glvfxvvlrq ri wkhvh lvvxhv fdq eh irxqg lq Vdudglv +5335,/ ss1 4904:1
6;Ilqdoo|/ zh irfxv rq krz h!flhqf| vfruhv dqg udqn rughu fruuhodwh dfurvv
glhuhqw phwkrgv1 Wdeohv 45 dqg 46 suhvhqw wkh uhohydqw h!flhqf| vfruh dqg
udqn rughu fruuhodwlrqv/ uhvshfwlyho|169 Dv zh h{shfwhg/ wkh kljkhu fruuhodwlrqv
rffxu lq wkh prghov wkdw gr qrw lqfoxgh hqylurqphqwdo yduldeohv1 Iru prghov
6/ 7 dqg 9 VID dqg GHD h!flhqf| vfruhv duh qrw vr zhoo fruuhodwhg1 Wkh
wuhdwphqw jlyhq wr hqylurqphqwdo yduldeohv dsshduv wr eh pruh uhohydqw wkdq
phwkrg fkrlfh shu vh iru frqvlvwhqf| dprqj wkh vfruhv1 Iurp wkh srlqw ri ylhz
ri wkh uhjxodwru/ wklv vhqvlwlylw| wr prgho vshflfdwlrq lv qrw uhdvvxulqj1 D zd|
wr wdfnoh wklv sureohp zrxog eh wr iroorz wkh ehqfkpdunlqj vwxg| e| d pruh
ghwdlohg dqdo|vlv rq krz hqylurqphqwdo yduldeohv dhfw h!flhqf| +lqfoxglqj dq
lqglylgxdo frpsdulvrq ehwzhhq wkh lqh!flhqw upv dqg wkhlu shhuv,1
 DEA-1  DEA-2  DEA-3  DEA-4  DEA-5  DEA-6 
year  1994 2000 1994 2000 1994 2000 1994 2000 1994 2000  1994 2000 
SFA-1  0.583**  0.709**             
SFA-2    0.567**  0.678**           
SFA-3      0.460**  0.504**         
SFA-4        0.398**  0.495**       
SFA-5          0.704**  n.a.    
SFA-6             0.386**  -0.195 
Notes: All models use VRS technology; ** significant at 1%; correlations computed using SPSS statistical package (Pearson correlation 
coefficient) 
Wdeoh 45= H!flhqf| Vfruh Fruuhodwlrqv
 DEA-1  DEA-2  DEA-3  DEA-4  DEA-5  DEA-6 
year  1994 2000 1994 2000 1994 2000 1994 2000 1994 2000  1994 2000 
SFA-1  0.698**  0.737**             
SFA-2    0.643**  0.660**           
SFA-3      0.466**  0.463**         
SFA-4        0.430**  0.453**       
SFA-5          0.795**  n.a.    
SFA-6             0.439**  -0.153 
Notes: All models use VRS technology; ** significant at 1%; correlations computed using SPSS statistical package (Spearman’s rank 
correlation). 
Wdeoh 46= Udqn Rughu Fruuhodwlrqv
91515 Sdqho Gdwd Prghov
Lq rughu wr wdnh ixoo dgydqwdjh ri wkh wlph vhulhv gdwd dydlodeoh dqg/ pruh lp0
sruwdqwo|/ wr fdswxuh wkh lpsdfw ri sulydwlvdwlrq/ zh qrz hvwlpdwh sdqho gdwd
prghov1 Dv srlqwhg rxw lq Frhool hw do1 +4<<;/ s1 535,/ sdqho gdwd kdv vrph dg0
ydqwdjhv ryhu furvv0vhfwlrq gdwd lq wkh hvwlpdwlrq ri vwrfkdvwlf iurqwlhuv1 Iluvw/
69Wkh fruuhodwlrq dfurvv glhuhqw prghov lv qrw dwwhpswhg khuh ehfdxvh wkh vdpsohv dfwxdoo|
xvhg glhu voljkwo| iurp prgho wr prgho +exw uhpdlq lqdowhuhg dfurvv glhuhqw phwkrgv iru
wkh vdph prgho vshflfdwlrq,1
6<wkh dydlodelolw| ri d juhdwhu qxpehu ri revhuydwlrqv jhqhudoo| lpsolhv ehwwhu
hvwlpdwhv1 Vhfrqg/ sdqho gdwd doorzv wkh vlpxowdqhrxv lqyhvwljdwlrq ri erwk
whfkqrorjlfdo fkdqjh dqg whfkqlfdo h!flhqf| fkdqjh ryhu wlph1 Wkh whfkqlfdo
lqh!flhqf| hhfwv/ dv ehiruh/ duh uhsuhvhqwhg e| rqh ri wkh huuru whupv/ zkhuhdv
whfkqrorjlfdo fkdqjh lv qrz ghqhg lq wkh sdudphwulvdwlrq ri wkh prgho e| wkh
lqfoxvlrq ri d wlph wuhqg1
Zh frqfhqwudwh rq wkh sdqho gdwd yhuvlrqv ri prghov 7 dqg 9/ zklfk lqfoxgh
doo rxu yduldeohv ri lqwhuhvw1 Lq dgglwlrq wr wkh wlph wuhqg/ zh lqwurgxfh d
frxqwu| gxpp|/ zklfk fdswxuhv d srvvleoh v|vwhpdwlf glhuhqfh lq whfkqrorj|
ehwzhhq wkh Eud}lo dqg wkh X1V1D11 Ehfdxvh zh zdqwhg wr fkhfn wkh srvvlelolw|
ri d glhuhqfh lq wkh udwh ri whfkqrorjlfdo fkdqjh ehwzhhq wkh wzr frxqwulhv/
zh dovr lqfoxgh dq lqwhudfwlrq ehwzhhq wkh wlph wuhqg dqg wkh frxqwu| gxpp|1
Wkh vshflfdwlrqv xvhg doorz YUV1 Wkh hvwlpdwhg sdudphwhuv dqg uhohydqw whvwv
duh uhsruwhg lq Wdeoh 471 Dv lq wkh suhylrxv dqdo|vlv/ zh zloo uvw frpsduh wkh
WO zlwk wkh OO vshflfdwlrq/ dqg wkhq whvw wkh suhihuuhg vshflfdwlrq djdlqvw
wkh fruuhvsrqglqj ROV prgho1
Iluvw zh glvfxvv wkh uhvxowv ri wkh prghov wkdw xvh RSH[ dv lqsxw1 Zh
revhuyh wkdw hohyhq rxw ri vl{whhq frh!flhqwv duh vwdwlvwlfdoo| vljqlfdqw dw wkh
8( ohyho ri frqghqfh +rqh dgglwlrqdo frh!flhqw lv vljqlfdqw dw wkh 43( ohyho,/
zkdw phdqv wkh WO vshflfdwlrq dsshduv wr kdyh d yhu| jrrg w16: Krzhyhu/
wzr xqxvxdo hvwlpdwhv vxjjhvw ixuwkhu dqdo|vlv lqwr vshflfdwlrq1 Iluvw/ wkh
hvwlpdwhg  lv qrw vwdwlvwlfdoo| glhuhqw iurp rqh/ zklfk vxjjhvwv wkdw wkhuh
duh qr phdvxuhphqw ru udqgrp huuruv lq wkh ixqfwlrq1 Vhfrqg/ wkh ydoxh ri
wkh pd{lpxp olnholkrrg ixqfwlrq lv yhu| vpdoo1 Wklv lv uh hfwhg lq wkh uhvxow
ri wkh Olnholkrrg Udwlr whvw/ zklfk fdqqrw uhmhfw wkh qxoo ri OO vshflfdwlrq1
Wkh OO vhhpv wr kdyh d jrrg w/ zlwk irxu rxw ri vl{ hvwlpdwhv vwdwlvwlfdoo|
vljqlfdqw dw wkh 8( ohyho ri frqghqfh1 Wkh hvwlpdwhg whfkqrorjlfdo fkdqjh lv
vwdwlvwlfdoo| vljqlfdqw vkrzlqj surjuhvv lq erwk frxqwulhv1 Wkh frxqwu| gxpp|
lv vljqlfdqw/ zkdw vxjjhvwv d v|vwhpdwlf glhuhqfh lq whfkqrorj| ehwzhhq wkh
wzr frxqwulhv1 Wkh B frh!flhqwv duh vwdwlvwlfdoo| lqvljqlfdqw/ exw  lv vljqlfdqw
dqg hvwlpdwhg dv ;6(/ vxjjhvwlqj srwhqwldo iru lqfhqwlyh uhjxodwlrq1 Iroorzlqj
zh dvn zkhwkhu wkhuh lv whfkqlfdo lqh!flhqf| lq wkh lqgxvwu| e| shuiruplqj d
Olnholkrrg Udwlr whvw1 Rqfh djdlq zh fdqqrw uhmhfw wkh qxoo dqg wkh prgho
fdq eh ehwwhu hvwlpdwhg e| d ghwhuplqlvwlf iurqwlhu1 Wkh ROV hvwlpdwlrq vkrzv
wkdw wkh qxpehu ri fxvwrphuv/ wkh wlph wuhqg dqg wkh frxqwu| gxpp| kdyh
vwdwlvwlfdoo| vljqlfdqw frh!flhqwv16;
Zh qrz orrn dw wkh uhvxowv ri wkh prghov wkdw xvh WRWH[ dv lqsxw1 Iru
6:Zh dovr hvwlpdwhg wkh vdph prgho lqfoxglqj dq lqwhudfwlrq yduldeoh +wlph - GEU,/ exw/
dv lw zdv qrw vljqlfdqw/ zh gursshg lw iurp wkh RSH[ prghov dqdo|vlv1
6;Wkh idfw wkdw wkh vdohv frh!flhqw lv qrw vljqlfdqw/ zkhuhdv qxpehu ri fxvwrphuv frh!0
flhqw lv/ vxjjhvwv d pxowlfroolqhdulw| dprqj wkh yduldeohv/ dv qxpehu ri fxvwrphuv dqg wrwdo
vdohv whqg wr eh kljko| fruuhodwhg1
73wkh WO vshflfdwlrq/ yh rxw ri whq frh!flhqwv duh vwdwlvwlfdoo| vljqlfdqw dw
wkh 8( ohyho ri frqghqfh +rqh dgglwlrqdo frh!flhqw lv vljqlfdqw dw wkh 43(
ohyho,/ zkdw phdqv wkdw djdlq zh kdyh d prgho zlwk d jrrg w1 Krzhyhu/ wkh
ydoxh ri wkh pd{lpxp olnholkrrg ixqfwlrq lv h{wuhpho| vpdoo/ dqg dv ehiruh/ wkh
hvwlpdwhg  lv qrw vwdwlvwlfdoo| glhuhqw iurp rqh1 Zh shuirup d Olnholkrrg
Udwlr whvw/ xvlqj wkh OO vshflfdwlrq dv wkh qxoo k|srwkhvlv/ dqg wkh qxoo fdq0
qrw eh uhmhfwhg1 Wkh OO prgho hvwlpdwhv vkrz d yhu| jrrg w/ zlwk yh rxw
ri vl{ frh!flhqwv vwdwlvwlfdoo| vljqlfdqw dw 8(1 Wrwdo vdohv lv wkh rqo| yduldeoh
zklfk grhv qrw kdyh d vljqlfdqw frh!flhqw/ exw wkdw pljkw eh wkh uhvxow ri
pxowlfroolqhdulw| zlwk qxpehu ri fxvwrphuv1 Lq wklv vshflfdwlrq wkh lqwhudfwlrq
yduldeoh +wlph - (￿-, lv vljqlfdqw/ vxjjhvwlqj wkdw wkhuh lv d vljqlfdqw glhu0
hqfh lq wkh udwh ri whfkqrorjlfdo fkdqjh ehwzhhq wkh wzr frxqwulhv1 Wkh vljqdov
ri wkh frh!flhqwv vxjjhvw wkdw Eud}lo shuirupv v|vwhpdwlfdoo| ehwwhu wkdq wkh
X1V1D1/ exw wkh udwh ri whfkqrorjlfdo fkdqjh kdv ehhq idvwhu iru wkh X1V1D11 Eh0
fdxvh wkh  dqg B frh!flhqwv duh vwdwlvwlfdoo| lqvljqlfdqw dqg vpdoo/ zh whvw
iru wkh h{lvwhqfh ri whfkqlfdo lqh!flhqf| hhfwv1 Wkh frpsxwhg ydoxh ri rxu
olnholkrrg udwlr lv yhu| forvh wr wkh fulwlfdo fkl0vtxduhg ydoxh/ vr zh fdqqrw uxoh
rxw dq| ri wkh wzr vshflfdwlrqv1
74Dependent variable  -  OPEX -  TOTEX 
Specification  TRANSLOG LOGLINEAR  OLS  TRANSLOG LOGLINEAR  OLS 
Intercept  
b0  
4.08** (1.01)  -6.20** (0.51)  -6.34** (0.37)  23.27** (1.00)  -6.86** (0.47)  -6.21** (0.35) 
b1 (ln sales)  -1.84** (0.77)  -0.02 (0.06)  -0.02 (0.06)  -1.76* (0.99)  -0.03 (0.06)  -3.07 (0.06) 
b2  (ln customers)  0.79 (0.83)  -0.93** (0.08)  -0.92** (0.07)  1.11 (0.99)  -0.91** (0.07)  -0.97** (0.06) 
b3  (ln length)  0.33 (1.00)  0.01 (0.06)  -0.00 (0.04)       
b4  (0.5*(ln sales)
2)  2.01** (0.51)      0.44 (0.86)     
b5   (0.5*(ln customers)
2)  4.09** (1.23)      0.50 (0.94)     
b6   (0.5*(ln length)
2)  -0.39  (0.28)       
b7   (ln sales * ln 
customers) 
-2.99** (0.74)      -0.56 (0.60)     
b8   (ln sales * ln length)  0.86**  (0.30)       
b9    (ln customers * ln 
length) 
-0.73  (0.54)       
b10   (time trend)  -11.23** (1.29)  0.24** (0.04)  0.26** (0.04)  63.83** (1.00)  0.16** (0.05)  0.16** (0.05) 
b11   (ln sales * time)  -0.69*  (0.37)       
b12    (ln customers * time)  1.34**  (0.44)       
b13    (ln length * time)  -0.87**  (0.27)       
b14    (0.5 * time
2)  9.53** (1.60)      -2.42** (0.72)     
b15  (BR dummy)  -2.10** (0.81)  0.47** (0.13)  0.48** (0.13)  -2.39** (0.84)  1.92** (0.42)  2.01** (0.23) 





-2.77 (5.27)    -0.25 (1.00)  -0.05 (11.34)   
d1 (peak)  0.00 (0.00)  0.00 (0.00)    -0.04 (1.00)  0.00 (0.00)   
d2 (customer density)  0.06 (0.06)  -0.00 (0.01)    -0.05 (1.00)  0.00 (0.00)   
d3 (resid. ratio)  -99.54 (1.02)  2.91 (5.25)    -0.11** (0.00)  0.06 (11.971)   
s
2  604.95** (1.48)  0.18 (0.16)  0.07   16.997** (1.00)  0.07* (0.04)  0.07 
g  1.00** (0.00)  0.83** (0.14)    1.00** (0.00)  0.16 (1.47)   
LLF  -275.79  -11.01 -14.35 -717.51  -8.38  -13.91 
l   -529.56   -1.418.26   
c
2 critical (5%)  18.31   9.49   
Decision  TL OR LL? Accept LL    TL or LL? Accept LL   
l   6.68    11.06 
c
2 critical (5%)   11.07    11.07 
Decision    LL or OLS?  Accept OLS    No clear result  
 Notes: ** significant at 5%; * significant at 10%; standard errors in parentheses; for the OPEX models CERJ, Light, AES Sul and 
RGE were excluded from the sample (82 companies), for the TOTEX models Tampa was excluded as well (81 companies). 
Wdeoh 47= VID Uhvxowv  Sdqho Gdwd
Ilqdoo| zh frqvlghu wkh h!flhqf| vfruhv jhqhudwhg e| VID xvlqj sdqho gdwd1
Wkh VID hvwlpdwlrq doorzv iru d frpsdulvrq ri h!flhqf| vfruhv ehwzhhq Eud}lo0
ldq dqg X1V1 frpsdqlhv +Wdeoh 48,1 Iru wkh vshflfdwlrq wkdw xvhv RSH[ dv
lqsxw Eud}loldq dqg X1V1 phdq h!flhqf| vfruhv ryhu wkh zkroh shulrg duh htxdo
xs wr wkh wklug ghflpdo sodfh1 Iru wkh WRWH[ vshflfdwlrq/ Eud}lo shuirupv
rqo| voljkwo| ehwwhu/ exw wkh glhuhqfh lv qrw vwdwlvwlfdoo| vljqlfdqw/ dv vkrzq
e| wkh frpsxwhg s0ydoxh1
75Model   OPEX  TOTEX 
Country  BR US BR US 
Mean    0.805 0.805 0.907 0.906 
Coefficient  variation  14.68 13.08 9.43  7.86 
P-value 0.980  0.915 
Note: Both panel data models estimated using LL specification. 
Wdeoh 48= VID Whfkqlfdo H!flhqf| Vfruhv  Sdqho Gdwd
:F r q f o x v l r q
Iroorzlqj zh vxppdulvh rxu pdlq frqfoxvlrqv=
4, h!flhqf| vfruhv
 wkh dqdo|vlv ri h!flhqf| vfruhv vkrzv wkdw Eud}loldq frpsdqlhv rxwshuirup
wkhlu X1V1 frxqwhusduwv iru doprvw doo prgho vshflfdwlrqv dqg iru erwk
4<<7 dqg 5333  wklv uhvxow lv urexvw wr phwkrg fkrvhq +GHD/ furvv0vhfwlrq
ru sdqho gdwd VID,>
 krzhyhu/ wklv glhuhqfh lq shuirupdqfh lv qrw vwdwlvwlfdoo| vljqlfdqw iru
doo sdqho gdwd dqg doprvw doo VID furvv0vhfwlrq prghov/ dqg iru wkh GHD
prghov wkdw xvh hqylurqphqwdo yduldeohv dqg RSH[ dv lqsxw>
 wkh vljqlfdqwo| vxshulru shuirupdqfh ri Eud}lo lq GHD prghov wkdw gr
qrw lqfoxgh hqylurqphqwdo yduldeohv dqg lq GHD prghov wkdw xvh WRWH[
dv lqsxw lv gxh wr wkh sursruwlrqdoo| kljkhu qxpehu ri fxvwrphuv vxssolhg
e| Eud}loldq frpsdqlhv  wkh| duh pruh h!flhqw lq whupv ri RSH[ shu
fxvwrphu dqg dovr lq WRWH[ shu fxvwrphu>
 jlyhq wkdw fxvwrphu ghqvlw| lv d yduldeoh eh|rqg pdqdjhphqw frqwuro/ zh
frqvlghu wkh prghov zlwk hqylurqphqwdo yduldeohv pruh uhohydqw wr wkh
dqdo|vlv dqg wkhuhiruh frqfoxgh wkdw wkh glhuhqfh lq shuirupdqfh lv qrw
vwdwlvwlfdoo| vljqlfdqw iru RSH[ prghov1
5, lpsdfw ri sulydwlvdwlrq rq h!flhqf|
 wkh Pdoptxlvw lqgh{ dqdo|vlv vkrzv wkdw wkh lpsdfw ri sulydwlvdwlrq lv
prvwo| srvlwlyh exw qrw vwdwlvwlfdoo| vljqlfdqw iru RSH[ prghov/ exw
qhjdwlyh dqg vwdwlvwlfdoo| vljqlfdqw iru WRWH[ prghov  wklv vxjjhvwv
wkh lpsruwdqfh ri lqfoxglqj fdslwdo frvwv lq wkh ehqfkpdunlqj1>
 wkh uhvxowv ri WRWH[ prghov vkrxog eh wdnhq zlwk fdxwlrq gxh wr wkh
gl!fxowlhv lq rewdlqlqj shuihfwo| frpsdwleoh phdvxuhv ri FDSH[>
76 wkh uhvxowv ri WRWH[ prghov fdq eh sduwo| h{sodlqhg e| wkh orz ohyho ri
lqyhvwphqw lq Eud}loldq frpsdqlhv ehiruh sulydwlvdwlrq  zlwk sulydwlvd0
wlrq/ wkh qdqfldo frqvwudlqw lv uhgxfhg dqg lqyhvwphqw slfnv xs> zh fdq0
qrw ryhuhpskdvlvh wkh lpsruwdqfh ri qdqflqj lqiudfwuxfwxuh lqyhvwphqw
lq ghyhorslqj frxqwulhv vxfk dv Eud}lo  e| wudqvihuulqj wkh lqyhvwphqw
exughq wr wkh sulydwh vhfwru sulydwlvdwlrq fdq khos wr dyrlg ixuwkhu ghwhul0
rudwlrq ri wkh sxeolf qdqfhv dqg dw wkh vdph wlph hqvxuh wkh h{sdqvlrq
ri fdsdflw| +lq sduwlfxodu/ uxudo hohfwulfdwlrq, dqg txdolw| lpsuryhphqw>
 wkh uhvxowv ri WRWH[ prghov fdq dovr eh sduwo| h{sodlqhg e| d idvwhu
udwh ri vxevwlwxwlrq ri fdslwdo iru oderxu lq Eud}lo  wklv vhhpv wr eh wkh
fdvh wdnlqj lqwr dffrxqw wkh pdjqlwxgh ri uhgxqgdqf| surjudpphv diwhu
sulydwlvdwlrq>
 zh h{shfw wkh hhfwv ri wkh lqyhvwphqw vxujh dqg wkh lqsxw vxevwlwxwlrq
surfhvv rq h!flhqf| wr ehfrph ylvleoh lq wkh ixwxuh/ hvshfldoo| rqfh wkh
uhgxqgdqf| sd|phqwv dqg wkh vxqn frvwv duh devruehg>
 rxu sdqho gdwd VID lqglfdwhv wkdw wkhuh lv d v|vwhpdwlf whfkqrorjlfdo gli0
ihuhqfh ehwzhhq wkh wzr frxqwulhv/ dqg wkdw wklv glhuhqfh lv idyrxudeoh
iru Eud}loldq frpsdqlhv iru erwk RSH[ dqg WRWH[ prghov> krzhyhu/
whfkqrorjlfdo fkdqjh kdv ehhq jurzlqj idvwhu iru X1V1 frpsdqlhv iru wkh
WRWH[ prgho +wklv frqupv wkh qhjdwlyh lpsdfw ri sulydwlvdwlrq rq shu0
irupdqfh iru WRWH[ prghov vxjjhvwhg e| wkh Pdoptxlvw lqgh{ dqdo|vlv,1
6, rwkhu lvvxhv
 zh gr qrw dffrxqw iru txdolw| ri vhuylfh  lw lv fohdu wkdw lqwhuqdwlrqdo
ehqfkpdunlqj vkrxog dffrpprgdwh lq vrph zd| wkh glhuhqfhv lq txdolw|
vwdqgdugv dfurvv frxqwulhv/ dv srlqwhg rxw lq Frhool +5333/ s1 44,/ exw wkh
odfn ri dssursuldwh gdwd suhyhqwv xv iurp grlqj lw>
 wkh fruuhvsrqghqfh ehwzhhq sk|vlfdo yduldeohv lv qrw shuihfw/ dv vkrzq e|
wkh glhuhqfhv lq yrowdjh ohyhov/ dowkrxjk doo fduh zdv wdnhq wr pdnh wkh
gdwdvhwv frpsdwleoh>
 wkh qglqjv kljkoljkw wkh lpsruwdqfh ri hvwdeolvklqj vwdqgdug phdvxuhv
ri fdslwdo frvwv iru lqwhuqdwlrqdo ehqfkpdunlqj dqg lqfhqwlyh edvhg uhjx0
odwlrq  dv revhuyhg lq Mdpdve dqg Sroolww +5334d,/ uhjxodwruv kdyh rqo|





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































^4` Dljqhu/ G1 M1/ F1 D1 N1 Oryhoo dqg S1 Vfkplgw +4<::,/ cIrupxodwlrq dqg
Hvwlpdwlrq ri Vwrfkdvwlf Iurqwlhu Surgxfwlrq Ixqfwlrq Prghov*/ Mrxuqdo ri
Hfrqrphwulfv/ yro1 9/ qr1 4/ ss1 5406:1
^5` DQHHO +Djíqfld Qdflrqdo gh Hqhujld Hoìwulfd, +5336,/ cUhylvær Wduliäuld
Shulöglfd gd Frqfhvvlrqäuld gh Glvwulexlêær gh Hqhujld Hoìwulfd Frpsdq0
kld Hqhujìwlfd gh Plqdv Jhudlv FHPLJ*/ Dxglíqfld Sýeolfd DS 33:25336/
Qrwd Wìfqlfd qr1 37325336 0 VUH2DQHHO/ Iheuxdu| 5336/ Eudvðold1
^6` DQHHO +Djíqfld Qdflrqdo gh Hqhujld Hoìwulfd, +5335,/ cPhwrgrorjld h
Fulwìulrv Jhudlv Sdud Ghqlêær gd Edvh gh Uhpxqhudêær gh Dwlyrv Sdud
Ilqv gh Uhylvær Wduliäuld Shulöglfd gdv Frqfhvvlrqäuldv gh Glvwulexlêær gh
Hqhujld Hoìwulfd*/ Qrwd Wìfqlfd qr1 47;253352 VUH2 VII2 DQHHO1
^7` DQHHO +Djíqfld Qdflrqdo gh Hqhujld Hoìwulfd, +5334,/ cPhufdgr gh Glv0
wulexlêær Eudvlo 5333= Frqfhvvlrqäuldv gh Hqhujld Hoìwulfd*/ plphr1
^8` Durfhqd/ Sdeor dqg Fdwkhulqh Zdggdp0Sulfh +4<<<,/ cJhqhudwlqj H!0
flhqf|= Hfrqrplf dqg Hqylurqphqwdo Uhjxodwlrq ri Sxeolf dqg Sulydwh
Hohfwulflw| Jhqhudwruv lq Vsdlq*/ plphr/ Mxo| 4<<<1
^9` Dyhufk/ K1 dqg O1 O1 Mrkqvrq +4<95,/ cEhkdylrxu ri wkh Ilup Xqghu Uhj0
xodwru| Frqvwudlqw*/ Dphulfdq Hfrqrplf Uhylhz/ yro1 85/ ss1 43850439<1
^:` Edjgdglrjox/ Qhfplgglq/ Fdwkhulqh P1 Zdggdpv0Sulfh dqg Wkrpdv J1
Zh|pdq0Mrqhv +4<<9,/ cH!flhqf| dqg Rzqhuvkls lq Hohfwulflw| Glvwulex0
wlrq= D Qrq0Sdudphwulf Prgho ri Wkh Wxunlvk H{shulhqfh*/ Hqhuj| Hfr0
qrplfv 4;/ ss1 40561
^;` Edwwhvh/ J1 H1 dqg W1 M1 Frhool +4<<8,/ cD Prgho iru Whfkqlfdo Lqh!flhqf|
Hhfwv lq d Vwrfkdvw Iurqwlhu Surgxfwlrq Ixqfwlrq iru Sdqho Gdwd*/ Hp0
slulfdo Hfrqrplfv 53/ ss1 65806651
^<` Edwwhvh/ J1 H1 dqg W1 M1 Frhool +4<<5,/ cIurqwlhu Surfxwlrq Ixqfwlrqv/ Whfk0
qlfdo H!flhqf| dqg Sdqho Gdwd= Zlwk Dssolfdwlrq wr Sdgg| Iduphuv lq
Lqgld*/ Mrxuqdo ri Surgxfwlylw| Dqdo|vlv/ yro1 6/ qr1 425/ ss1 486049<1
^43` Ehuu|/ Gdq Plfkdho +4<<7,/ cSulydwh Rzqhuvkls Irup dqg Surgxfwlyh H!0
flhqf|= Hohfwulf Frrshudwlyhv Yhuvxv Lqyhvwru0Rzqhg Xwlolwlhv*/ Mrxuqdo ri
Uhjxodwru| Hfrqrplfv 9/ ss1 6<<07531
^44` Ehvdqw0Mrqhv/ Mrkq dqg Ehuqdug Whqhpedxp +5334,/ cWkh Fdoliruqld
Srzhu Fulvlv= Ohvvrqv iru Ghyhorslqj Frxqwulhv*/ Wkh Hqhuj| dqg Plqlqj
Vhfwru Erdug/ Wkh Zruog Edqn/ Zdvklqjwrq/ G1 F1/ 5; ss1
8:^45` Exuqv/ Sklols dqg Zh|pdq0Mrqhv/ Wkrpdv +4<<9,/ cFrvw Ixqfwlrqv dqg
Frvw H!flhqf| lq Hohfwulflw| Glvwulexwlrq= D Vwrfkdvwlf Iurqwlhu Ds0
surdfk*/ Exoohwlq ri Hfrqrplf Uhvhdufk/ yro1 7;/ qr1 4/ ss1 740971
^46` FHSD +Fdpeulgjh Hfrqrplf Srolf| Dvvrfldwhv, +5336,/ cEdfnjurxqg wr
Zrun rq Dvvhvvlqj H!flhqf| iru wkh 5338 Glvwulexwlrq Sulfh Frqwuro Uh0
ylhz*/ suhsduhg iru Rijhp/ Vhswhpehu 53361
^47` Fkduqhv/ D1/ Z1 Z1 Frrshu dqg H1 Ukrghv +4<:;,/ cPhdvxulqj wkh H!0
flhqf| ri Ghflvlrq Pdnlqj Xqlwv*/ Hxurshdq Mrxuqdo ri Rshudwlrqdo Uh0
vhdufk/ Yro1 5/ qr1 8/ ss1 75<07771
^48` Frhool/ Wlp +5333,/ cVrph Vfdwwhuhg Wkrxjkwv rq Shuirupdqfh Phdvxuh0
phqw iru Uhjxodwlrq ri d Qdwxudo Prqrsro| Qhwzrun Lqgxvwu|*/ Fhqwuh iru
H!flhqf| dqg Surgxfwlylw| Dqdo|vlv/ Dxjxvw 5333/ Duplgdoh/ Dxvwudold/
plphr1
^49` Frhool/ Wlp +4<<8,/ cHvwlpdwruhv dqg K|srwkhvlv Whvwv iru d Vwrfkdvwlf
Iurqwlhu Ixqfwlrq= D Prqwh Fduor Dqdo|vlv*/ Mrxuqdo ri Srugxfwlylw| Dqdo0
|vlv 9/ ss1 57:059;1
^4:` Frhool/ Wlp dqg Vhujlr Shuhopdq +4<<<,/ cD Frpsdulvrq ri Sdudphwulf
dqg Qrq0Sdudphwulf Glvwdqfh Ixqfwlrqv= Zlwk Dssolfdwlrq wr Hxurshdq
Udlozd|v*/ Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk/ qr1 44:/ ss1 659066<1
^4;` Frhool/ Wlp/ G1 V1 Sudvdgd dqg Jhrujh H1 Edwwhvh +4<<;,/ cDq Lqwurgxf0
wlrq wr H!flhqf| dqg Surgxfwlylw| Dqdo|vlv*/ Noxzhu Dfdghplf Sxeolvkhuv/
Ervwrq2 Gruguhfkw2 Orqgrq1
^4<` Fruqzhoo/ F1/ S1 Vfkplgw/ dqg U1 F1 Vlfnohv +4<<3,/ cSurgxfwlrq Iurqwlhuv
Zlwk Furvv0Vhfwlrqdo dqg Wlph0Vhulhv Yduldwlrq lq H!flhqf| Ohyhov*/ Mrxu0
qdo ri Hfrqrphwulfv/ yro1 79/ qr1 425/ ss1 4;805331
^53` Frplvlöq gh Wdulidv gh Hqhujðd +5334,/ cLqiruph gh Vlwxdflöq gh Odv Wdulidv
Hoìfwulfdv 4<<605333*/ Iheuxdu| 53341
^54` Ghopdv/ Pdjdol dqg \hvlp Wrndw +5336,/ cGhuhjxodwlrq Surfhvv/ Jryhu0
qdqfh dqg H!flhqf|= Wkh X1V1 Hohfwulf Xwlolw| Vhfwru*/ Hqhuj| Srolf| dqg
Hfrqrplfv qr1 7/ Xqlyhuvlw| ri Fdoliruqld Hqhuj|*v Lqvwlwxwh +XFHL,/ Ehunh0
oh|/ Fdoliruqld1
^55` Gl Whood/ Udidho dqg Doh{dqghu G|fn +5335,/ cFrvw Uhgxfwlrqv/ Frvw
Sdgglqj dqg Vwrfn Uhwxuqv= Wkh Fklohdq H{shulhqfh zlwk Sulfh0fds Uhj0
xodwlrq*/ plphr1
8;^56` Grpdk/ Suhhwxp +5335d,/ cWkh Hfrqrplfv ri Uhirup ri wkh Hohfwulflw|
Vxsso| Lqgxvwu|= Wkh Fdvh ri Vpdoo Lvodqgv*/ SkG glvvhuwdwlrq/ Xqlyhuvlw|
ri Fdpeulgjh/ Fdpeulgjh/ XN1
^57` Grpdk/ Suhhwxp +5335e,/ cWhfkqlfdo H!flhqf| lq Hohfwulflw| Jhqhudwlrq 
Wkh Lpsdfw ri Vpdooqhvv dqg Lvrodwlrq ri Lvodqgv Hfrqrplfv*/ Ghsduwphqw
ri Dssolhg Hfrqrplfv Zrunlqj Sdshu qr1 3565/ Xqlyhuvlw| ri Fdpeulgjh/
Fdpeulgjh/ XN1
^58` GWh +Wkh Qhwkhuodqgv Hohfwulflw| Uhjxodwru| Vhuylfh, +4<<<,/ cSulfh Fds
Uhjxodwlrq lq Wkh Hohfwulflw| Vhfwru  Lqirupdwlrq dqg Frqvxowdwlrq Grf0
xphqw*/ Mxo| 4<<</ Kdjxh/ wkh Qhwkhuodqgv1
^59` HLD +Hqhuj| Lqirupdwlrq Dgplqlvwudwlrq, +5334,/ cHohfwulf Srzhu Dqqxdo
5333*/ Yro1 4/ Dxjxvw/ R!fh ri Frdo/ Qxfohdu/ Hohfwulf dqg Dowhuqdwh Ixhov/
X1V1 Ghsduwphqw ri Hqhuj|/ Zdvklqjwrq1
^5:` Içuh/ U1/ V1 Jurvvnrsi dqg F1 D1 Nqr{ Oryhoo +4<<7,/ cSurgxfwlrq Iurq0
wlhuv*/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN/ 5<9 ss1
^5;` Içuh/ U1/ V1 Jurvvnrsi dqg M1 Orjdq +4<;8,/ cWkh Uhodwlyh Shuirupdqfh ri
Sxeolfo|0Rzqhg dqg Sulydwho|0Rzqhg Hohfwulf Xwlolwlhv*/ Mrxuqdo ri Sxeolf
Hfrqrplfv/ 59/ ss1 ;904391
^5<` Içuh/ U1/ V1 Jurvvnrsi dqg M1 Orjdq +4<;6,/ cWkh Uhodwlyh H!flhqf| ri
Loolqrlv Hohfwulf Xwlolwlhv*/ Uhvrxufhv dqg Hqhuj| 8/ ss1 67<069:1
^63` Iduuhoo/ P1 M1 +4<8:,/ cWkh Phdvxuhphqw ri Surgxfwlyh H!flhqf|*/ Mrxuqdo
ri wkh Ur|do Vwdwlvwlfdo Vrflhw| Vhulhv D0Jhqhudo/Yro1 453/ qr1 6/ ss1 5860
5<31
^64` Ilolsslql/ Pdvvlpr +4<<;,/ cDuh Pxqlflsdo Hohfwulflw| Glvwulexwlrq Xwlolwlhv
Qdwxudo PrqrsrolhvB*/ Dqqdov ri Sxeolf dqg Frrshudwlyh Hfrqrplfv/ yro1
9</ qr1 5/ ss1 48:04:71
^65` Ilvfkhu/ Urqdogr dqg Sdeor Vhuud +5333,/ cUhjxodwlqj Wkh Hohfwulflw| Vhf0
wru lq Odwlq Dphulfd*/ Hfrqrpld/ Idoo 53331
^66` Iûuvxqg/ Ilqq U1 dqg Vyhuuh D1 F1 Nlwwhovhq +4<<;,/ cSurgxfwlylw| Ghyhors0
phqw ri Qruzhjldq Hohfwulflw| Glvwulexwlrq Xwlolwlhv*/ Uhvrxufh dqg Hqhuj|
Hfrqrplfv 53/ ss1 53:05571
^67` Iurqwlhu Hfrqrplfv +5333,/ cWkh H!flhqf| ri Wkh Gxwfk Qhwzrun dqg
Vxsso| Frpsdqlhv*/ qdo uhsruw suhsduhg iru Gwh/ Dxjxvw 5333/ Orqgrq1
8<^68` Jlohv/ Gdylg H1 D1 dqg Qlfrodv V1 Z|dww +4<<6,/ cHfrqrplfv ri Vfdoh lq
Wkh Qhz ]hdodqg Hohfwulflw| Glvwulexwlrq Lqgxvwu|*/ lq Skloolsv/ Shwhu F1
E1 +4<<6, +hg1,/ cPrghov/ Phwkrgv dqg Dssolfdwlrqv ri Hfrqrphwulfv*/ ss1
6:306;51
^69` Judvwr/ Nhwlo +4<<:,/ cQruzhjldq Zdwhu Uhvrxufhv dqg Hqhuj| Dgplqlv0
wudwlrq= Lqfhqwlyh0edvhg Uhjxodwlrq ri Hohfwulflw| Prqrsrolhv lq Qruzd| 
Edfnjurxqg/ Sulqflsohv dqg Gluhfwlyhv/ Lpsohphqwdwlrq dqg Frqwuro V|v0
whp*/ QYH +Qrujhv Ydvvgudjv0rj Hqhujlyhun,/ Rvor/ Qruzd|1
^6:` Julihoo0Wdwmì/ H1 dqg F1 D1 N1 Oryhoo +5336,/ cWkh Pdqdjhuv Yhuvxv Wkh
Frqvxowdqwv*/ Wkh Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ yro1 438/ qr1 4/ ss1
44<046;1
^6;` Kdwwrul/ Wrux +5334,/ cUhodwlyh Shuirupdqfh ri X1V1 dqg Mdsdqhvh Hohfwulf0
lw| Glvwulexwlrq= Dq Dssolfdwlrq ri Vwrfkdvwlf Iurqwlhu Dqdo|vlv*/ Fhqwudo
Uhvhdufk Lqvwlwxwh ri Hohfwulf Srzhu Lqgxvwu| Zrunlqj Sdshu qr1 \34<47/
Rfwrehu 5334/ Mdsdq1
^6<` Kdwwrul/ Wrux +4<<<,/ cSdudphwulf Whvwv ri Frvw H!flhqf| iru Mdsdqhvh
Hohfwulf Xwlolwlhv*/ gudiw suhsduhg iru wkh 9wk Hxurshdq Zrunvkrs rq H!0
flhqf| dqg Surgxfwlylw| Dqdo|vlv/ Frshqkdjhq/ 6414314<<<1
^73` Kmdopduvvrq/ Ohqqduw dqg Dqq Yhlghusdvv +4<<5,/ cSurgxfwlylw| lq Vzhglvk
Hohfwulflw| Uhwdlo Glvwulexwlrq*/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <7/
Vxssohphqw/ ss1 4<605381
^74` Kmdopduvvrq/ Ohqqduw dqg Dqq Yhlghusdvv +4<<5,/ cH!flhqf| dqg Rzqhu0
vkls lq Vzhglvk Hohfwulflw| Uhwdlo Glvwulexwlrq*/ Wkh Mrxuqdo ri Surgxfwly0
lw| Dqdo|vlv 6/ ss1 :0561
^75` Krvhn/ Mdphv U1 +hg1, +4<;<,/ cV|psrvlxp rq Sulfh0fds Uhjxodwlrq*/ Wkh
Udqg Mrxuqdo ri Hfrqrplfv/ yro1 53/ qr1 6/ Dxwxpq/ ss1 69<07:51
^76` LSDUW +Lqghshqghqw Sulflqj dqg Uhjxodwru| Wulexqdo ri Qhz Vrxwk
Zdohv, +4<<<,/ cH!flhqf| dqg Ehqfkpdunlqj ri Qhz Vrxwk Zdohv Hohf0
wulflw| Glvwulexwruv*/ Glvfxvvlrq Sdshu GS066/ Iheuxdu| 4<<</ Vlgqh|/ Dxv0
wudold1
^77` Ludvwru}d/ Yhurqlfd +5336,/ cEhqfkpdunlqj iru Glvwulexwlrq Xwlolwlhv= D
Sureohpdwlf Dssurdfk wr Ghqlqj H!flhqf|*/ Wkh Hohfwulflw| Mrxuqdo/ yro1
49/ qr1 43/ Ghfhpehu1
^78` Mdpdve/ Wrrudm dqg Plfkdho J1 Sroolww +5334d,/ cEhqfkpdunlqj dqg Uhjx0
odwlrq= Lqwhuqdwlrqdo Hohfwulflw| H{shulhqfh*/ Xwlolwlhv Srolf| </ ss1 43:04631
93^79` Mdpdve/ Wrrudm dqg Plfkdho J1 Sroolww +5336,/ cLqwhuqdwlrqdo Ehqfkpdun0
lqj dqg \dugvwlfn Uhjxodwlrq= Dq Dssolfdwlrq wr Hxurshdq Hohfwulflw|
Xwlolwlhv*/ Hqhuj| Srolf| yro1 64/ qr1 481
^7:` Mrqgurz/ M1/ F1 D1 N1 Oryhoo/ L1 V1 Pdwhury/ dqg S1 Vfkplgw +4<;5,/ cRq Wkh
Hvwlpdwlrq ri Whfkqlfdo Lqh!flhqf| lq Wkh Vwrfkdvwlf Iurqwlhu Surgxfwlrq
Ixqfwlrq Prgho*/ Mrxuqdo ri Hfrqrphwulfv/ yro1 4</ qr1 526/ ss1 566056;1
^7;` Mrvnrz/ Sdxo O1 +5336,/ cWkh Gl!fxow Wudqvlwlrq wr Frpshwlwlyh Hohfwulf0
lw| Pdunhwv lq Wkh X1V1*/ sdshu suhsduhg iru wkh Frqihuhqfh cHohfwulflw|
Ghuhjxodwlrq= Zkhuh iurp KhuhB* dw wkh Exvk Suhvlghqwldo Frqihuhqfh
Fhqwhu/ Wh{dv D)P Xqlyhuvlw|/ Wh{dv/ Dsulo 7wk1
^7<` Mrvnrz/ Sdxo O1 +5334,/ cFdoliruqld*v Hohfwulflw| Fulvlv*/ R{irug Uhylhz ri
Hfrqrplf Srolf|/ yro1 4:/ qr1 61
^83` Nlqqxqhq/ Ndlvd +5335,/ cHohfwulflw| Qhwzrun Uhjxodwlrq  Sudwlfdo Lp0
sohphqwdwlrq lq Wkh Qruglf Frxqwulhv*/ plphr/ Euhphq Hqhujlh Lqvwlwxw/
Ghqpdun1
^84` Nlwwhovhq/ Vyhuuh D1 F1 +4<<<,/ cXvlqj GHD wr Uhjxodwh Qruzhjldq Hohf0
wulflw| Glvwulexwlrq Xwlolwlhv*/ Suhvhqwdwlrq dw wkh 9wk Hxurshdq Zrunvkrs
rq H!flhqf| dqg Surgxfwlylw| Dqdo|vlv/ Frshqkdjhq/ 5<14314<<<1
^85` Nlwwhovhq/ Vyhuuh D1 F1 +4<<6,/ cVwhszlvh GHD= Fkrrvlqj Yduldeohv iru Phd0
vxulqj Whfkqlfdo H!flhqf| lq Qruzhjldq Hohfwulflw| Glvwulexwlrq*/ Phpr0
udqgxp 924<<6/ Udjqdu Iulvfk Fhqwuh iru Hfrqrplf Uhvhdufk/ Xqlyhuvlw|
ri Rvor/ Rvor/ Qruzd|1
^86` Nxpekdndu/ V1 F1 +4<<3,/ cSurgxfwlrq Iurqwlhuv/ Sdqho Gdwd/ dqg Wlph0
Ydu|lqj Whfkqlfdo H!flhqf|*/ Mrxuqdo ri Hfrqrphwulfv/ yroh1 79/ qr1 425/
ss153405451
^87` Nxpekdndu/ V1 F1 dqg F1 D1 N1 Oryhoo +5333,/ cVwrfkdvwlf Iurqwlhu Dqdo|0
vlv*/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN/ 666 ss1
^88` Odqjvhw/ Wruh +5333,/ cH!flhqf| Dqdo|vlv lq Uhjxodwlrq ri Hohfwulflw| Pr0
qrsrolhv*/ plphr/ QYH +Qrujhv Ydvvgudjv0rj Hqhujlyhun,/ Rvor/ Qruzd|1
^89` Odzuhqfh/ Ghqlv/ Mrkq Krxjkwrq dqg Dqqd Jhrujh +4<<:,/ cLqwhuqdwlrqdo
Frpsdulvrqv ri Dxvwudold*v Lqiudvwuxfwxuh Shuirupdqfh*/ Mrxuqdo ri Sur0
gxfwlylw| Dqdo|vlv ;/ ss1 69406:;1
^8:` Ohjlvd/ Mxdq +5333,/ cWkh Dujhqwlqh Hohfwulf Srzhu Sulflqj V|vwhp*/ Sd0
shu suhvhqwhg dw wkh Qdwlrqdo Frqihuhqfh rq Uhjxodwlrq lq cLqiudvwuxfwxuh
Vhuylfhv= Surjuhvv dqg Zd| Iruzdug*/ Qhz Ghokl/ 47wk Qryhpehu 53331
94^8;` Oryhoo/ F1 D1 Nqr{ dqg Shwhu Vfkplgw +4<;;,/ cD Frpsdulvrq ri Dowhuqdwlyh
Dssurdfkhv wr Wkh Phdvxuhphqw ri Surgxfwlyh H!flhqf|*/ lq Grjudpdfl/
D1 dqg U1 Iduh +4<<;,/ cDssolfdwlrqv ri Prghuq Surgxfwlrq Wkhru|= H!0
flhqf| dqg Surgxfwlylw|*/ Ervwrq/ ss1 60651
^8<` Phhxvhq/ Z1 dqg M1 ydq ghq Eurhfn +4<::,/ cH!flhqf| Hvwlpdwlrq iurp
Free0Grxjodv Surgxfwlrq Ixqfwlrqv zlwk Frpsrvhg Huuru*/ Lqwhuqdwlrqdo
Hfrqrplf Uhylhz/ yro1 4;/ qr1 5/ ss1 76807771
^93` Phlergl/ Dol Hpdpl <4<<;,/ cH!flhqf| Frqvlghudwlrqv lq Wkh Hohfwulflw|
Vxsso| Lqgxvwu|= Wkh Fdvh ri Ludq*/ Vxuuh| Hqhuj| Hfrqrplfv Glvfxvvlrq
Sdshu Vhulhv qr1 <8/ Xqlyhuvlw| ri Vxuuh|/ XN1
^94` Rijhp +R!fh ri Jdv dqg Hohfwulflw| Pdunhwv, +4<<<,/ c Uhylhzv ri Sxeolf
Hohfwulflw| Vxssolhuv 4<<; wr 5333= Glvwulexwlrq Sulfh Frqwuro Uhylhz 
Ilqdo Sursrvdov*/ Ghfhpehu 4<<</ Orqgrq1
^95` Sduglqd/ Pduwðq Urguðjxh} dqg Pduwðq Urvvl +5333,/ cWhfkqlfdo Fkdqjh
dqg Fdwfklqj0Xs= Wkh Hohfwulflw| Glvwulexwlrq Vhfwru lq Vrxwk Dphulfd*/
Fhqwur gh Hvwxglrv Hfrqöplfrv gh od Uhjxodflöq Zrunlqj Sdshu qr1 44/
Ghsduwdphqwr gh Hfrqrpðd | Ilqdq}dv/ Xqlyhuvlgdg Dujhqwlqd gh od Hp0
suhvd/ Qryhpehu 53331
^96` Sodqh/ Sdwulfn +4<<<,/ cSulydwl}dwlrq/ Whfkqlfdo H!flhqf| dqg Zhoiduh Frq0
vhtxhqfhv= Wkh Fdvh ri wkh F÷wh g*Lyrulh Hohfwulflw| Frpsdq| +FLH,*/
Zruog Ghyhorsphqw yro1 5:/ qr1 5/ ss1 67606931
^97` Sroolww/ Plfkdho J1 +4<<8,/ cRzqhuvkls dqg Shuirupdqfh lq Hohfwulf Xwlol0
wlhv/ R{irug Xqlyhuvlw| Suhvv/ R{irug1
^98` Uhvhqgh/ Pdufhor +5335,/ cUhodwlyh H!flhqf| Phdvxuhphqw dqg Survshfwv
iru \dugvwlfn Frpshwlwlrq lq Eud}loldq Hohfwulflw| Glvwulexwlrq*/ Hqhuj|
Srolf| 63/ ss1 96:097:1
^99` Uxgqlfn/ Kxjk dqg Ulfdugr Udlqhul +4<<:,/ cFklohdq Glvwulexwlrq Wdu0
lv= Lqfhqwlyh Uhjxodwlrq*/ lq Prudqgh/ I1 J1 dqg U1 Udlqhul +hgv1,/
c+Gh,Uhjxodwlrq dqg Frpshwlwlrq= Wkh Hohfwulf Lqgxvwu| lq Fkloh*/
LODGHV2 Jhrujhwrzq Xqlyhuvlw|/ Vdqwldjr1
^9:` Vdudglv/ Ydvlolv +5335,/ cDq Dvvhvvphqw ri Frpsdudwlyh H!flhqf| Phd0
vxuhphqw Whfkqltxhv*/ Hxursh Hfrqrplfv Rffdvlrqdo Sdshu 5/ Orqgrq1
^9;` Vfkplgw/ S1 dqg F1 D1 N1 Oryhoo +4<:<,/ cHvwlpdwlqj Vwrfkdvwlf Surgxf0
wlrq dqg Frvw Iurqwlhuv Zkhq Whfkqlfdo dqg Doorfdwlyh Lqh!flhqf| Duh
Fruuhodwhg*/ Mrxuqdo ri Hfrqrphwulfv/ yro1 46/ qr1 4/ ss1 ;604331
95^9<` Vfxoo|/ Jhudog E1 +4<<;,/ cUhirup dqg H!flhqf| Jdlqv lq Wkh Qhz ]hdodqg
Hohfwulfdo Vxsso| Lqgxvwu|*/ Mrxuqdo ri Surgxfwlylw| Dqdo|vlv 44/ ss1 4660
47:1
^:3` XPV Jurxs +4<<<,/ cVxppdu| Uhsruw ri 4<<; Glvwulexwlrq Ehqfkpdun0
lqj*/ LSDUW Uhvhdufk Sdshu qr1 47/ Iheuxdu| 4<<</ Vlgqh|/ Dxvwudold1
^:4` Zh|pdq0Mrqhv/ Wkrpdv J1 +4<<4,/ cSurgxfwlylw| H!hqf| lq d Uhjxodwhg
Lqgxvwu|*/ Hqhuj| Hfrqrplfv/ Dsulo/ ss1 44904551
^:5` Zklwhpdq/ Mrkq +4<<<,/ cWkh Srwhqwldo Ehqhwv ri Klophu dqg Uhodwhg
Uhirupv= Hohfwulflw| Vxsso|*/ Wkh Dxvwudoldq Hfrqrplf Uhylhz/ yro1 65/
qr1 4/ ss1 4:0631
^:6` Zklwhpdq/ Mrkq O1 +4<<8,/ cEhqfkpdunlqj Ghyhorslqj Frxqwulhv Hohfwulf0
lw| V|vwhpv Xvlqj GHD*/ Dvld0Sdflf Hfrqrplf Uhylhz/ yro1 4/ qr1 6/ ss1
:40:;1
^:7` \xqrv/ Mdpdoxgglq Prkg dqg Gdylg Kdzgrq +4<<:,/ cWkh H!flhqf| ri
Wkh Qdwlrqdo Hohfwulflw| Erdug lq Pdod|vld= Dq Lqwhufrxqwu| Frpsdulvrq
Xvlqj GHD*/ Hqhuj| Hfrqrplfv 4</ ss1 588059<1
96